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Preface 



System diagrams (logics) at the engineering change 
level of the 1800 system are included in each system 
shipment. 

To fully understand the material presented in 
this manual, the reader should have a general knowl- 
edge of Process Control Systems and should be 
familiar with Solid Logic Technology (SLT) packag- 
ing and documentation. 

This manual contains a comprehensive introduc- 
tion to the IBM 1800 Data Acquisition and Control 
System, and specific descriptions of the IBM 1801 
and 1802 Processor- Controllers. The input/ output 
features and adapters are described in these addi- 
tional manuals: IBM Field Engineering Theory of 
Operation, 1800 Data Acquisition and Control Sys- 
tem, Data Processing Input/ Output Features, Order 
No. SY26-3617, IBM Field Engineering Theory of 
Operation, 1800 Data Acquisition and Control System, 
Process Input/Output Features, Order No. SY26- 
5959, and IBM Field Engineering Maintenance 
Diagrams, 1800 Data Acquisition and Control System, 
Volume 1, Order No. SY26-4128, and Volume 2, 
Order No. SY26-4129. 



The Maintenance Diagram Manual supplied with 
the 1800 system is intended to be used with this 
manual, The Maintenance Diagram Manual contains 
text, flow charts, timing charts, and various sup- 
plementary diagrams that assist in understanding the 
logical operations described in this manual. Page 
references, shown as (CSS 01 01), refer to page 
numbers in the FEMDM. Page coordinates, 
e. g. , E4, may follow the page reference. Page 
references which have only five characters, 
shown as (SA041), refer to page numbers in the 
ALDs. 

Maintenance information for the Processor- 
Controller and its adapters is available in the IBM 
FE Maintenance Manual, 1800 Data Acquisition and 
Control System, Order No. SY26-5956. 

Other Manuals, useful in understanding and 
maintaining the 1800 system, are listed in the IBM 
Field Engineering Bibliography, 1800 Data Acquisi- 
tion and Control System, Order No. SY26-0560. 

The appendixes of this manual contain special 
circuit descriptions, and other information of a 
supplementary nature. 



Fifth Edition (February 1970) 

This manual revises and makes obsolete the previous edition, Order No. SY26-5912-3. 
Changes to the text and illustrations are not indicated because of extensive rearrange- 
ment. Material was added for the 1803 Core Storage Unit, Communications Adapter, 
Selector Channel and Expanded Data Channel. Review the entire manual with emphasis 
on added material and addressing of auxiliary core storage with modifier bit 9. The MPX 
(Programming System) utilizes modifier bit 9 to address auxiliary storage with the fol- 
lowing instructions: Store Accumulator, Load Accumulator, Logical AND, Logical OR, 
and Logical Exclusive OR. 

Manuals referred to in this publication that have an Order No. with a four character 
prefix are identical in content to the same manual without the initial prefix character, 
(e.g. SY26-XXXX is the same in content as Y26-xxxx.) 

Significant changes or additions to the specifications contained in this publication are 
continually being made. When using this publication in connection with the operati6n 
of IBM equipment, check the latest FE Publications Systems Sequence iListing, Order No. 
SY20-0073, for revisions or contact the local IBM Branch Office. 

The illustrations in this manual have a code number in the lower corner. This is a i 
publishing control number and is not related to the subject matter. j 

Copies of this and other IBM publications can be obtained through IBM Branch Offices. 

A form for reader's comments is provided at the back of this publication. If the form 
has been removed, send your comments to the address below. 

This manual was prepared by the IBM Systems Development Division, Product 
Publications, Department G24, San Jose, California 95 1 14. 

Q Copyright International Business Machines, 1965. 
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Chapter 1. Introduction 



• The IBM 1800 Data Acquisition and Control Sys- 
tem is designed to handle a wide variety of real- 
time applications, including process control and 
high-speed data acquisition. 

• Extensive modularity permits customized con- 
figurations to satisfy both large and small sys- 
tem requirements. 

• The use of solid logic technology (SLT) makes 
the system flexible and reliable and reduces 
maintenance requirements. 

• The high-speed binary processor-controller can 
be used for editing, supervisory control, direct 
control or data analysis. 

• Data-processing input/output attachments include 
magnetic tape imits, disk storage imits, graph 
plotters, printers, typewriters, and card and 
paper tape I/O units. 

• Process input/output features permit both analog 
and digital commimication between the 1800 sys- 
tem and the process. 

The ever increasing pace of technology, industry, and 
business has created a need for timely, accurate, and 
reliable measurement of data at its source for rapid 
evaluation and control. The 1800 Data Acquisition 
and Control System has been designed to handle widely 
divergent real-time applications and to provide any 
degree of control from data logging and analysis to 
complete closed- loop control. Each system is indivi- 
dually tailored with modular components that are 
easily integrated to meet specific system require- 
ments. 

Components of the 1800 system are fuQctionally 
separated into three categories: Processor- Controller 
(P-C), Data Processing Input/Output (DP I/O), and 
Process Input/Output. The Processor- Controller is 
the name given to the computer subsystem which in- 
cludes the central processing unit (CPU), core stor- 
age, and I/O channel controls. The CPU employs a 
small, binary, stored-program computer which pro- 
vides the means for evaluating the acquired data and 



controlling the acquisition process. Within its basic 
design, the CPU has interrupt and cycle- stealing capa- 
bilities for on-line, real-time operating environment. 
Index registers and indirect addressing are provided 
to facilitate address modification and programming. 

Components of the IBM 1800 Data Acquisition and 
Control System can be used in three basic configura- 
tions : 

1. The 1800 system process I/O equipment attached 
to the processor-controller with any necessary 
data processing I/O units. The minimum system 
will satisfy initial control and analysis require- 
ments and can be expanded to support medium- 
scale applications. 

2. The 1800 system process I/O equipment attached 
directly to a System/360, Model 25, 30, 40, 44 
or 50. This configuration is well suited to 
medium-scale, real-time applications involving 
substantial data processing loads. 

3. One or more 1800 systems (processor-controllers, 
each with appropriate process I/O equipment) at- 
tached via channel adapters to a System/360. This 
configuration is suited to large-scale, real-time 
applications and can be expanded to supply almost 
any combination of data processing capability and 
real-time input/output channel capacity. 



SYSTEM DATA FLOW 

• Data is processed in fixed- length 16-bit words 
for fast parallel manipulation. 

• The I/O devices are linked to the processor- 
controller via a standard l/O interface. 

• Adapter circuitry for each I/O device performs 
the necessary conversion, buffering, and control 
functions . 

• Cycle- stealing capability permits high-speed 
transfer of data. 

In the 1800 system, a standard I/O data interface is 
used between the processor-controller and all input/ 
output devices. Adapter circuits to accommodate each 
type of I/O device are installed in the 1800 system as 
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required. The adapters provide the necessary buffer 
registers and controls to permit on-line operation of 
the associated device. 

Figure 1-1 shows the data flow between the 
processor-controller and the various I/O devices. In 
a closed-loop control system, process conditions are 
monitored and analyzed continuously, and controlling 
signals are sent to the devices that control the 
process. Input data is obtained directly from meas- 
uring devices in the process area without the need 
for off-line conversion equipment. Electrical signals 
are accepted in analog or digital form from such 
devices as thermocouples, pressure transducers, 
digital voltmeters, and contacts. Signal conditioning, 
multiplexing, and conversion functions are perform- 
ed by the input circuits. The input data, in digital 
form, is retained in registers until called for entry 
into core storage. 

After the input data has been read and analyzed 
by the processor-controller, the program may se- 
lect a process control fimction. Both digital and ana- 
log output data are available for controlling equip- 
ment such as set-point positioners, displays, and 
telemetry systems. Data processing information can 
be entered and retrieved in a variety of forms through 
the Data Processing I/O units and their adapter cir- 
cuits . 

Adapters are available which permit the attach- 
ment of other systems and I/O devices. The System/ 
360 adapter permits the attachment of the 1800 sys- 
tem to a channel of a System/360 model 25, 30, 40, 
44, or 50. Each system may regard the other as 
an I/O device capable of requesting service on a 
random basis. The 1800 selector channel allows the 
attachment of the 2841 storage control unit with up 
to eight 2311^s attached and other System/360 l/O 
control unit/ devices by RPQ. The communications 
adapter permits attachment of one or two communi- 
cations lines to allow communication between the 
1800 system and remote systems or devices which 
operate in binary synchronous communications mode. 
The 1800/2790 adapter establishes the 1800 system 
as the "system controller" in a 2790 Data Communi- 
cation System. 

The interrupt capability makes it possible to sus- 
pend the normal program in order to service priority 
conditions that arise within the system or the process. 
Thus, when an I/O device is ready to send or receive 
data, it can notify the processor-controller by issu- 
ing an interrupt request. The program identifies the 
source of the interrupt by sensing the status of indi- 
cators associated with each interrupt. 

The processor-controller services the interrupt 
by sending the appropriate I/O command to the device. 



l/O commands always place a "control word" on the 
out-bus to specify the input/output device and the 
function to be performed. Depending on the intrinsic 
data rate of the I/O device receiving the control 
word, the transfer of data between core storage and 
the device can take place xmder direct program con- 
trol or on a data channel. A data channel transfers 
data on a high-speed, cycle- stealing basis using a 
data table and core storage for flexibility of scanning 
rates and patterns. The cycle- stealing capability 
makes it possible to delay the program for one ma- 
chine cycle and to use this cycle to transfer the data 
word between core storage and the I/O device. Cy- 
cle stealing and interrupt servicing are conducted 
by the channel control logic on a priority basis. 
This makes it possible to simultaneously control com- 
binations of real-time input/output devices. 

PHYSICAL DESCRIPTION 

• System units employ drip- proof, splash- proof 
industrial enclosures. 

• The 1801 or 1802 Processor- Controller is a two- 
bay enclosure that houses the basic system com- 
ponents. 

o The 1803 Core Storage Unit is a single-bay 
enclosure that houses additional core storage 
modules. 

• The 1826 Data Adapter Unit is a single-bay enclo- 
sure that provides additional space for feature 
expansion. 

• The 1828 Enclosure is a single-bay enclosure that 
provides rack mounting for analog input/ output 
subenclosures. 

• The 1810 Disk Storage is a single-bay enclosure 
that houses 1, 2, or 3 Single Disk Storage units 
and their adapter circuits. 

• All components except cable terminations and 
power supplies are accessible from the front of 
each unit. 

• Customer signal cables are connected to screw- 
down terminals' at the rear of the unit. 

• DP l/O equipment provides its own enclosures 
which are cabled to the basic two-bay enclosure. 

The enclosures for the processor-controller and the 
process l/O features of the 1800 system are designed 
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Figure 1-1. IBM 1800 Data Acquisition and Control System I/O Interface 
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specifically for industrial application. Interconnecting 
machine cables are supplied by IBM for use between 
separated units and are connected in a designated con- 
nector area near the bottom of each enclosure. Cables 
are either pluggable or quick- disconnect type with pro- 
vision for bottom or back entry as required. Customer 
wiring terminates in designated customer access areas 
at the rear of the enclosures. All customer signal 
termination is designed for use with two-wire twisted 
pair. 

The basic two-bay enclosure is 76" high, 33" deep, 
and 61-1/2" wide. The single-bay enclosures are 76" 
high, 33" deep, and 31-1/2" wide. The single-bay en- 
closures bolt to each other or to the two-bay enclosure 
by removing the side cover. The cabling between 
abutted units is internal. 

The design of the enclosures permits mounting 
two swing-out, 3x2 SLT gates in tandem for front 
accessibility in each bay. The single -bay enclosures 



also permit stacked installation of rack-type sub- 
enclosures (as in the 1828) or slide-out Single Disk 
Storage units (1810), 

Selective features and units of the 1800 system 
are packaged as discrete functional assemblies, thus 
permitting disconnection or attachment to the system 
without affecting the performance of other features or 
units. 

IBM 1801 and IBM 1802 Processor-Controller 
(Two-Bay Enclosure) 

Figures 1-2 and 1-3 illustrate the relative placement 
of components in these two-bay enclosures. The 
power supplies are movinted in vertical tubs at the 
rear of the left bay. The programmer's console and 
the I/O monitor interface (CE panel) swing open from 
the front to provide access to the SLT gates in the 
right bay. In the 1801, a customer access area is 
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Figure 1-2. 1801 or 1802 Processor-ControUer, Gates A and B 
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Figure 1-3. 1801 Processor-Controller, Gates C and D 



provided at the rear of the right bay to permit cus- 
tomer termination of process wiring for digital I/O 
features. 

The 1802 Processor- Controller is identical to the 

1801 except that the tape control unit usurps all the 
space allocated for digital I/O in the 1801 (Figure 1-4). 

IBM 1803 Core Storage Unit (Single-Bay Enclosure) 

The IBM 1803 Core Storage Unit is a free standing 
unit designed to allow for expansion of core storage 
size above the 32, 768 words available in the 1801 or 

1802 Processor-Controller. With the additional 
storage feature, 24, 576 core storage words are 
contained in the 1801 or 1802 with the additional 
storage in the 1803. The 1803 is available with 



16,384 to 40,960 core storage words, in increments 
of 8192 words, for a maximum system core storage 
capacity of 65,536 words. 

IBM 1826 Data Adapter Unit (Single-Bay Enclosure) 

When the feature capacity of the basic enclosure is 
exceeded, additional single -bay enclosures are 
employed. The 1826 Data Adapter Unit is supplied in 
three models. Models 1 and 3 are free-standing, 
connected by external cables to the processor- 
controller. Model 2 bolts directly to the operator's 
right of the 1826-1, the processor-controller, or 
another 1826-2, and all cabling to attached units is 
internal. Several 1826-2 bays may be bolted 
to an 1826-1 as a stand-alone unit cabled to the 
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Figure 1-4. 1801 Processor-Controller, Gates C and D 



processor -controller. The cabling distance may be 
up to 100 feet. In addition, several 1826-2 enclo- 
sures may be bolted to the left of the 1826-1 Data 
Adapter Unit. Each 1826 bay accommodates two 
SLT gates with front access, and provides a cus- 
tomer access termination area at the rear. Figure 
1-5 illustrates the space allocation for features 
within the enclosure. 

IBM 1828 Enclosure (Analog I/O Single-Bay) 

This single -bay enclosure is dimensionally the same 
as the 1826, but is designed expressly for accepting 
special subenclosures for analog input and analog out- 
put features. The 1828 Enclosure is supplied in two 



models. Model 1 is a free-standing enclosure for 
analog output features and is externally cabled to the 
process or -controller at distances up to 100 feet. 
Model 2 is a bolt -on enclosure for analog input and 
analog output features, and all cabling to attached 
units is internal. The 1828-2 may be bolted directly 
to the operator's left of the 1828-1, the 1826-1, the 
processor-controller, or another 1828-2. Figure 
1-6 illustrates this enclosure. 

IBM 1851 Multiplexer Terminal (Subenclosure) 

This unit provides termination for analog input lines 
and mounting for multiplexer cards. The 1851 model 
1 is used for standard (non-thermocouple) signals. 
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Figure 1-5. 1826 Data Adapter Unit 



The 1851 model 2 may be used for both standard and 
thermocouple signals. A card gate slides out from 
the front of each unit for access to the special -size 
component cards used in the multiplexer circuits. 

These units feature standard 19" rack mounting 
dimensions. Up to six imits may be stacked in a sin- 
gle 1828 Enclosure. 

IBM 1856 Analog Output Terminal (Subenclosure) 

This imit provides termination, power, and housing 
for analog output features. The features which are 
housed in the 1856 are plug- in modules that fill 1/8 
or 1/4 of the unit space. The 1856 unit dimensions 
are the same as the 1851. 



IBM 1810 Disk Storage (Single-Bay Enclosure) 

The 1810 Disk Storage (Figure 1-7) is available in 
three models. In the model Al or Bl, the single - 
bay enclosure contains power supplies, a 3 x 1 SLT 
gate, and one Single Disk Storage. In the model A2 
or B2, a second Single Disk Storage is added, and 
in Model A3 or B3 a third Single Disk Storage is 
added. The models are free-standing and are con- 
nectedby external cables tothe processor-controller. 

SLT Board Locations 

The modular design of the 1800 system allows 
some flexibility in the assignment of board and 
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Figure 1-6. 1828 Enclosure, Model 2 
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subenclosure locations to suit various system re- 
quirements. For this reason, the following nomen- 
clature has been established for use in the System 
Diagrams: 

1. If a board location is confined to a single frame, 
it carries that frame designation. The last two 
numbers of the machine type are used as frame 
designation; i. e. , 1803 = 03, 1826 = 26, 1810 = 
10, etc. If a board can be located in more than 
one frame or in the 1801/1802 main frame, it 
carries a frame designation of "60". 

2. If a board location is confined to a single 
gate, it carries that gate designation. If 
the board can be located on more than one 
gate, it carries a pseudo gate designation 
of X, Y, or Z. 



3. If the board position on a gate is fixed, it carries 
that board designation by column and row coordi- 
nates. If the board can be located at more than 
one position on a gate, it carries a pseudo col- 
umn designation of V, W, X, Y, or Z; the row 
number designation is used in this case only to 
provide a imique number for each board. 

In most cases, pseudo designations serve no pur- 
pose other than to indicate that the board has multiple 
locations. It is then necessary to consult the gate 
configuration charts in the System Diagrams and lo- 
cate the board by its name. 

PROCESSOR-CONTROLLER 

• The 1801 and 1802 Processor-Controllers are 
stored program computers, consisting of a 
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Figure 1-7. 1810 Disk Storage, Model A2 



• Standard features of the processor-controller 
include: 

Three index registers 
Twelve levels of interrupt 
Three data channels 
Three interval timers 
An operations monitor 
A programmer's console 

• Input/Output interface accommodates adapter 
circuitry for attaching data processing I/O equip- 
ment and process I/O equipment. 

• The registers and control circmts that make up 
the CPU are contained on two SLT boards. 

• The basic machine clock cycle of 4 microseconds 
or 2 microseconds is divided to fetch a word from 
storage (storage read cycle) and then replace the 
same word or a new word (storage write cycle). 

• Core storage words can be instructions that con- 
trol the operation or data to be operated upon. 

STORED PROGRAM CONCEPT 

• The stored program consists of all words in 
core storage that are addressed by the contents 
of the instruction register. 

• Instructions are normally stored and executed 
sequentially, beginning with address OOOOj^g. 



central processing imit (CPU), core storage, 
and l/O channel control circuits. 

• The 1802 differs from the 1801 only in that it 
contains control circuitry for magnetic tape 
operation. 

• The 1801 or 1802 Model 1 basic machine cycle 
time is four microseconds. 

• The 1801 or 1802 Model 2 basic machine cycle 
time is two microseconds. 

• When a system includes an 1803, the basic 
machine cycle time is 2. 25 microseconds. 

• Either model of 1801 or 1802 is available with 
core storage capacity of 4, 096 (4K); 8, 192 (8K); 
16,384 (16K); 24,576 (24K); or 32,768 (32K) 
18-bit words. 



• Sequential execution of a program can be altered 
by changing the contents of the instruction register. 

• Program instructions can be modified by condi- 
tions set forth in the program. 

• Program is loaded initially from a designated 
card or paper- tape input unit, or manually from 
console switches. 

• Additional instructions can be entered into core 
storage during the course of a program. 

• There can be any number or degree of subroutines 
within the main program. 

The entire series of instructions required to complete 
a given procedure is known as a program. In the 1800 
system, the program is stored internally in magnetic 
cores and the system has access to the instructions at 
electronic speeds. 
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The possible variations of a stored program pro- 
vide the computer with almost unlimited flexibility. 
Once the basic program is loaded, the computer has 
the ability to initiate a change in the program in re- 
sponse to conditions encoimtered during an operation. 
Consequently, the computer exercises some degree 
of selection within the framework of the possible 
operations that can be performed. 

The program is initially loaded into core storage 
from an IBM 1442 Card Read Punch or an IBM 1054 
Paper Tape Reader. One of these units is specified 
as the "initial program load" (IPL) device. 

There are no particular areas of core storage re- 
served for instructions only. In most cases they are 
grouped together and placed in ascending sequential 
locations in the normal order in which they are to be 
executed by the computer. The instructions are ad- 
dressed sequentially from an instruction register 
(coxmter) that is advanced with each instruction cycle. 
The order of execution may be varied at any point in 
the program by a "branch" instruction that changes 
the contents of the instruction register. 

An instruction in core storage is literally indis- 
tinguishable from data. The only thing that actually 
distinguishes an instruction from data is the time at 
which it is brought from core storage. If a word is 
read out of core storage during an instruction cycle, 
it goes to the control registers and is interpreted as 
an instruction. If a word is read out of core storage 
during any other cycle, it is considered to be data. 
This makes it possible to operate on instructions in 
storage and modify them as though they were data. 

Additional instructions and/or data may be read 
into core storage from any system input device or 
read out of storage into any system output device. 

MACHINE LANGUAGE 



core storage, each bit value is stored in a magnetic 
core; in data registers, each bit value is stored as 
the on/ off condition of a flip-flop or flip-latch. 

The binary representation of data best facilitates 
the parallel manipulation of fixed- length words and is 
the most efficient method of processing scientific data. 

Data Format 

In the 1800 system, the standard, or single-precision 
data word (Figure 1-8) is 16 bits in length. Bit posi- 
tions through 15 represent decimal values of 2^5 
through 2^ respectively. 

Positive numbers are represented in true binary 
form, whereas negative numbers are in two's comple- 
ment form. The sign bit (position 0) is always for 
positive numbers and 1 for negative numbers. The 
two's complement of a binary number is defined as 
its one's complement increased by one. The one's 
complement of a binary number is that number that 
results by replacing each 1 in the number with a 0, 
and each with a 1. 

The largest single-precision positive number 
that can be represented is 2-1, or 32, 767 (a sign 
bit of 0, and I's in all other bit positions). The lar- 
gest negative number is -2^5 or -32, 768 ( a sign bit 
of 1, and 0' s in all bit positions). The number is 
represented by all bits being 0; there is no negative 
0. 

A double-precision number of 32 bits can be used 
to give a number range from +2,147,483,647 to 
-2,147,483,648 (2^1-1 to -2^^) . Two adjacent words 
must be used in storage with the high-order word at 
an even address, and the low-order word at the next 
higher odd address (Figure 1-9). 

Instruction Format 



• Data and instructions are handled in binary form 
in 16-bit words. 

• Hexadecimal notation is used to represent the 
machine language. 

• Two-word format allows data and instruction 
words of 32 bits. 

• Negative numbers are handled and stored in two's 
complement form. 

The binary system enables the representation of num- 
bers by any bi- stable means such as the on or off state 
of a flip-flop, the up or down level of a signal line, or 
the direction of the field about a magnetic device. In 



The instruction defines the basic operation to be per- 
formed and contains the factors necessary for devel- 
oping a core storage address. This core storage ad- 
dress is called the effective address (EA). 

Two basic instruction formats are used: a single- 
word instruction and a two-word instruction (Figure 
1-10). The two- word instruction contains the full 
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Figure 1 -8 . Single Precision Data Word 
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Figure 1-9. Double Precision Data Word 

Single - Word Instruction 

4 5 8 15 



Op Code 
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T 

1 


Displacement 



Double - Word Instruction 
4 5 8 9 10 



Op Code 

1 1 1 1 
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'a 


I 


Conditions 


Address 



Figure 1-10. Instruction Word Format 

core storage address in the 16 bits of the low order 
word. The single- word instruction is used when it is 
not necessary to furnish the full core storage ad- 
dress, but only to modify (displace) a base address 
already existing in a designated 16-bit register. The 
displacement bits, 8 through 15, can be used to ad- 
dress a range of core storage locations from 127 ad- 
dresses above the base address to 128 addresses be- 
low the base address. 

The address portion of a two-word instruction can 
also be modified by adding to the contents of a desig- 
nated 16-bit index register. 

The bits within the instruction are used in the fol- 
lowing manner: 

Op Code 

The operation to be performed by the instruction is 
definedby these five bits. There are 26 valid op codes. 

Format (F) 

This bit selects the instruction format. A "0" indi- 
cates a single -word instruction and a *'l" indicates 
a two-word instruction. 

Tag (T) 

These are the index tag bits used to select a register 
for address modification. 

Displacement 

These eight bits define the displacement value and are 
added to the register specifiedby thetagbits to develop 
the effective address (EA). Displacement may be in 
either apositive or negative direction as determined by 
the sign of the displacement value. A negative displace- 
ment value will be in two^ s complement form with a bit 
in position 8. 



Indirect Address (I A) 

This is the indirect address bit in the two-word in- 
struction format except in the modify-index-and- 
skip instruction with a tag 00 specified. If "0^', ad- 
dressing is direct. If "1", addressing is indirect. 

Branch Out (BO) 

This bit is used to specify that the branch-or-skip- 
on-condition instruction is to be interpreted as 
"branch-out-of -interrupt routine. " 

Conditions 

These six bits specify the indicators to be tested on 
a branch-or-skip-on-condition instruction. 

Address 

These 16 bits usually specify a core storage address 
in a two-word instruction. The address can be 
modified by the contents of an index register or used 
as an indirect address if the lA bit is on. 

Instruction Set 

The 1800 instruction set is shown in Figure 1-11. 
Each instruction falls into one of five classes. Note 
that the instructions which may be modified with in- 
direct addressing are indicated in the indirect ad- 
dressing column. Some instructions perform multi- 
ple uses as specified by their control bits. 

Functions of each instruction are given in the 
Principles of Operation chapter of this manual. 

CORE STORAGE ADDRESSING AND DATA FLOW 

• Program instruction and data are stored in core 
storage and are manipulated through the regis- 
ters shown in FEMDM CCIOIOI. 

• The storage control circuitry and a core array 
(4K or 8K) are contained on one SLT board. A 
maximum of eight core storage SLT boards can 
be included in each system. 

• Core storage is addressed by circuits that are 
activated by a decode of the storage address 
register (M register). 

• Core storage is also addressed by the channel ad- 
dress register during data channel (I/O) operations, 

• Information read from storage is stored in a 
storage buffer register (B register) until needed. 

• The information written into core storage is con- 
trolled by the contents of the B register. 

When the processor-controller power is turned on, a 
power-on-reset pulse resets the control circuitry and 
most of the registers in the processor-controller. 
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Class 


Instruction 


Indirect 
Addressing 


Mnemonic 


Load and 


Load Accumulator 


Yes 


LD 


Store 


Double Load 


Yes 


LDD 




Store Accumulator 


Yes 


STO 




Double Store 


Yes 


STD 




Load Index 


** 


LDX 




Store Index 


Yes 


STX 




Load Status 


No 


LDS 




Store Status 


Yes 


STS 


Arithmetic 


Add 


Yes 


A 




Double Add 


Yes 


AD 




Subtract 


Yes 


S 




Double Subtract 


Yes 


SD 




Multiply 


Yes 


M 




Divide 


Yes 


D 




And 


Yes 


AND 




Or 


Yes 


OR 




Exclusive Or 


Yes 


EOR 


Shift 


Shift Left Instructions 








Shift Left Logical (A) * 


No 


SLA 




Shift Left Logical (AQ)* 


No 


SLT 




Shift Left and Count (AQ)* 


No 


SLC 




Shift Left and Count (A)* 


No 


SLCA 




Shift Right Instructions 








Shift Right Logical (A)* 


No 


SRA 




Shift Right Arithmetically (AQ)* 


No 


SRT 




Rotate Right (AQ)* 


No 


RTE 


Branch 


Branch and Store 1 


Yes 


BSI 




Branch or Skip on Condition 


Yes 


BSC(BOSC) 




Modify Index and Skip 


** 


MDX 




Wait 


No 


WAIT 




Compare* 


Yes 


CMP 




Double Compare 


Yes 


DCM 


I/O 


Execute I/O 


Yes 


XIO 



Letters in parentheses indicate registers involved in shift operations. 
' See the section for the individual instruction (MDX and LDX) 
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Figure 1-11. Instruction Set 



The clock is stopped, but the basic oscillator is run- 
ning and generating phase A and phase B pulses. 

For the computer to perform any program opera- 
tion, instructions must be in core storage. Instruc- 
tions can be stored, one at a time, from the console 
data- entry switches, but an input device capable of 
initial program load (IPL) can quickly load an entire 
program. 

With instructions stored in core storage, pressing 
the reset key sets the instruction register to 0000 (re- 
set does not affect the contents of core storage or in- 
dex registers). Now, when the start key is pressed, 
the computer brings out the word from core storage 



location 0000 and places it in a register. This stor- 
age read-out occurs on the first half of the cycle. This 
16-bit word is the first computer instruction word. 
Portions of this word are placed in the Operation, For- 
mat, Tag, and Modifier registers. The contents of 
these registers determine what will happen during the 
next cycle. 

On the second half of the cycle, the word is 
saved by writing it back into core storage. 

The first major function, then, in any machine 
cycle is to read the contents of a core storage loca- 
tion and place them in a buffer register. In order to 
read a predetermined word from core storage, an 
address must be stored in a register from which core 
storage can be addressed. The M register performs 
this function (Figure 1-12). Positions 3 through 15 
of the M register are sufficient to address up to 8K 
of core storage. M register positions 3 through 8 
are decoded by the X decode circuits; positions 9 
through 15 are decoded by the Y decode circuits. 

During the first half of the core storage cycle, the 
X and Y decode circuits control the read drivers. The 
read drivers that are controlled by the X decode cir- 
cuits cause current to flow in one direction through 
the X drive lines of the core array. The read drivers 
that are controlled by the Y decode cause current to 
flow in the same direction through the Y drive lines of 
the core array. Due to the address decoding, these 
currents coincide and flow through the cores in the 
addressed word only. The magnetic field of each core 
that is set to a 1-bit condition is reversed to the 0-bit 
condition by the read drive current. This change in 
the magnetic field causes a signal to be induced on a 
third winding, called the sense/inhibit winding. There 
is a sense/inhibit winding for each bit position. During 
the first half of the cycle, this winding is used to con- 
duct the induced sense pulse to the buffer (B) register. 
Each active sense winding turns on its respective po- 
sition of the B register. 

During the first half cycle, the computer has ad- 
dressed one core storage word and placed that word 
in the B register. 

Remember that the read drive current reversed 
the magnetic field of all the cores in the addressed 
word to the 0-bit condition. In order to retain this 
data, the second half of the core storage cycle writes 
the contents of the B register back into the same core 
storage word. The address in the M register is un- 
changed, therefore the same X and Y decode circuits 
are active. 

During the second half of the core storage cycle, 
the X and Y decode circuits activate the write drivers 
to cause current to flow in the same windings, but in 
a direction opposite to that caused by the read drivers. 
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Figure 1-12. Core Storage Read-Write Cycle 



This current is sufficient to cause all the cores in the 
addressed word to be magnetized in the one-bit condi- 
tion. 

Because only the bits that are active in the B reg- 
ister are to be written, nothing is done to prevent 
these bits from being set to the 1-bit condition. At the 
same time, however, circuits cause a current to flow 
in the third winding (sense/inhibit winding) of the bits 
whose B register positions are inactive. This cur- 
rent is in a direction opposite to the current flowing 
in the X drive lines. This inhibit current cancels the 
effect of the X drive current and prevents setting those 
cores, whose B register positions are inactive, to a 
1-bit condition. 

The contents of the B register are not changed by 
this write-back operation. Therefore, at the end of 
this core storage cycle, the contents of the addressed 
core storage location are in the B register and are 
unchanged in the original core storage location. 

This basic read- write operation occurs every 
core storage (machine) cycle. This first cycle after 
a reset is an instruction cycle. The purpose of the 
first instruction cycle of any operation is to analyze 
the instruction word to determine the operation to be 
performed and to set up the registers that control the 



operation. These control registers are loaded with 
the contents of the B register during the first half of 
the cycle. 

The control registers include the operation regis- 
ter, the format and tag registers, the shift counter, 
and the modifier register. A decode of the operation 
code activates the lines that gate information from the 
B register to other registers. The format register 
defines the operation as a one word or two word in- 
struction. The tag register specifies one of the three 
index registers or the I register to be used during this 
instruction. 

The shift coimter is a dual-purpose register. For 
most instructions, it is loaded by hardware means, 
rather than from the B register, to indicate the num- 
ber of cycles necessary for the specified operation. 
For shift operations, it is loaded from the B register 
or from an index register to control the number of 
shifts to be performed. It is decremented with each 
cycle or with each shift to accomplish its function. 

The modifier register (bit 8-IA and bit 9- BO) is 
used by some operations to specify various functions 
to be performed by one op code. 

Being a stored-program system, the 1800 system 
must execute instructions, stored in core storage, in 



1800 P-C FETO (2/70) 1-13 



a prescribed sequence. A register must be provided 
to keep track of the address of the next instruction to 
be performed. This register is the instruction reg- 
ister (I register). At the beginning of each instruc- 
tion cycle, when an instruction word must be read 
from core storage, the contents of the I register are 
transferred to the M register. Immediately after I 
is transferred to M, the I register is incremented one 
address, so that it always contains the address of the 
next instruction to be performed. 

If the address that is to be used to address core 
storage, the effective address, is to be generated dur- 
ing one I cycle, it is generated by adding part of the 
instruction word contained in the B register to the 
contents of the I register, or to the contents of one 
of the three index registers. An adder of some sort 
is therefore required. All additions are made to the 
accumulator (A register). An additional register is 
required to contain the other factor of an add opera- 
tion. This arithmetic factor register is called the 
D register. 

Unique circuit connections and controls between 
the D register and the accumulator enable add and 
subtract operations. 

To generate an effective address in one I cycle 
for a short format instruction, the CPU must be able 
to transfer the contents of the I register or one of the 
index registers to the accumulator. The other factor 
of the addition is a part of the instruction word con- 
tained in the B register, therefore, the D register is 
located between the B register and the accumulator. 
The contents of the D register are then added to the 
contents of the accumulator and the result (effective 
address) remains in the accumulator at the end of the 
I cycle. 

At the beginning of the cycle which uses this ef- 
fective address, the contents of the accumulator are 
transferred to the M register to address core storage. 

Some instructions require that more than 16 bits 
be operated upon during the E cycles of one instruc- 
tion. Therefore, another 16-bit register is connected 
to the accumulator. This register is called the ac- 
cumulator extension register or Q register. Binary 
bits in the accumulator can be shifted from the low 
order position of the accumulator into the Q register, 
or the entire 16-bit word can be transferred from the 
accumulator to the Q register, or from the Q register 
to the accumulator. 

The objectives of some operations are to modify 
a data word that has been previously loaded into the 
accumulator. Because the accumulator is used to 
generate an effective address during the I cycle, a 
temporary storage is needed for the accumulator word. 
This temporary storage register is called the U regis- 
ter. Sixteen-bit words can be transferred from the 



accumulator to the U register, and from the U regis- 
ter to the accumulator. 

The basic data flow for internal CPU operations 
consists of the 16 data bits that are sensed in core 
storage and set into the B register and into the Op, 
format, tag, and modifier registers during the instruc- 
tion cycle. The contents of these registers determine 
what will happen during execution cycles. 

During execution cycles, data is manipulated be- 
tween the B, D, A, Q, and U registers and then writ- 
ten into a predetermined core storage location, or left 
in the accumulator. 

The next instruction, specified by the I register, 
is addressed by the M register and read from core 
storage and the program continues. 

Some instructions require only one I cycle to per- 
form the complete operation. For example, the load 
status instruction sets the condition of the carry and 
overflow indicators according to the information con- 
tained in two positions of the B register (Figure 1-13). 
The second half of the I cycle merely gates positions 
14 and 15 of the B register into the carry and overflow 
indicators and the operation is complete. 

Other instructions require an instruction cycle 
followed by an execution cycle. For example, the load 
accumulator instruction generates an effective address 
during the I cycle and reads a data word from core 
storage and places that word in the 16-bit accumulator 
during the E cycle (Figure 1-14). 

STANDARD FEATURES 

• The following features are basic to the 1801 and 
1802 Processor- Controllers. 

• Details of these features are in the Fimctional 
Unit chapter of this manual. 

• A complete list of the system* s special features 
is given in Appendix B. 

Parity Checking 

• Enables checking for single-bit failures of core 
storage and I/O circuits . 

• Odd parity is maintained in core storage, the B 
register, and the I/O bus. 

• Parity is not maintained throughout the remainder 
of the processor-controller data flow. 

• The parity-bit flip-flop, along with the storage- 
pro tect-bit flip-flop, acts as an extension of the 
B register. 
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1 . Transfer instrucf-ion address from I to M. 

2. Address core storage from M register. 

3. Read instruction word from core storage. Load into B register, 

4. Load operation, format, and tag registers. 

5. Load carry and overflow indicators with bit 14 and 15 of instruction word. 

6. Write-back instruction word into core storage. End operation. 



Figure 1-13. Load-Status Data Flow 



9 A parity error causes a program stop if the con- 
sole check stop switch is on, and causes a pro- 
gram interrupt if the check stop switch is off. 

• FEMDM page CC30101 shows the parity check 
circuits. 

Each core storage word consists of 18 bits: 16 are 
data bits which can represent either data or instruc- 
tions; one bit is used for the storage protect feature; 
and one bit is used for a parity bit. A parity bit is 
required in any word that otherwise contains (includ- 
ing the storage protect bit) an even number of bits. 
Each word that is received from an input device is 
checked for odd parity. If odd parity does not exist 
and the core storage position into which the word is 
to be written does not contain a storage protect bit, 
the parity- bit flip-flop is turned on. When the word 
is written into core storage, the parity-bit flip-flop is 
compared with B- register-parity- required condition 
and storage protect bit. The parity-bit flip-flop con- 
trols an inhibit line, just as the B register positions 
control inhibit lines, to set the parity bit of that core 
storage word to a one bit condition. 

When a word is read from core storage, the 16 
data bits are parity checked to see if a parity bit is 



required to produce odd parity. If a parity bit is re- 
quired, and the storage-protect-bit flip-flop is not on, 
and, the parity bit flip-flop is not on, the parity- error 
flip-flop is turned on to indicate a parity check. 

Storage Protect 

• Permits the designation of portions of core storage 
as '^read only" and checks for attempts to write in- 
to these designated storage locations. 

• One storage-protect-bit position is provided with 
each word in core storage. 

• The storage-protect-bit flip-flop, along with the 
parity-bit flip-flop, acts as an extension of the B 
register. 

The storage-protect-bit flip-flop is controlled by a 
sense amplifier, from a core- storage-bit plane, just 
as the 16 data bits and the parity bit are. The storage 
protect bit is considered when checking or generating 
parity. The storage protect bit is not carried through 
the processor-controller data flow, or provided on the 
input/output buses. Storage protect bits can be set or 
cleared by a programmed operation in combination with 
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1. Transfer instruction address from I to M. 

2. Address core storage from M register. 

3. Read instruction word from core storage. Load 
into B register. 

4. Load operation, format, and tag registers. Load 
D register from B register. 

5. Transfer I register to Accumulator. 

6. Add D register to Accumulator, Effective address 
is now in Accumulator. 

7. Write-back instruction word into core storage. 



E Cycle 



M Register 



© 



I 



© 



© 




D Register 



,© 



Accumulator! 



1. Transfer effective address from Accumulator to M register, 

2. Address core storage. 

3. Read data word from core storage. Load into B register, 

4. Transfer B to D. 

5. Transfer D to A. 

6. Write-back data word into core storage. End operation. 



Figure 1-14. Load-Accumulator Data Flow 
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with a console switch. They can be cleared, but not 
set, by console switches. 

An attempt by the processor- controller to write 
into a storage protected location of core storage causes 
a storage protect check which stops the processor- 
controller if the check stop switch is on. If the check 
stop switch is off, a storage protect check causes a 
program interrupt. 

Index Registers 

• Three 16-bit index registers are provided as a 
standard feature. 



Indirect addressing requires an additional I 
cycle, called the lA cycle. The lA cycle reads the 
direct address from the core storage location speci- 
fied by the indirect address and places the direct 
address in the accumulator. 

Interrupt 

e Provides an automatic branch in the normal pro- 
gram sequence, based upon external conditions. 

o Interrupt conditions are assigned levels accord- 
ing to the customer's requirements. 



• Indexing an instruction causes the contents of a 
specified index register to be added to the instruc- 
tion address to form the desired effective address 
for that instruction. 

Indexing enables the use of one instruction to operate 
on data stored in various core storage locations with- 
out altering the instruction word itself. When speci- 
fied by the instruction word tag bits, the contents of 
the specified index register are added to the instruc- 
tion address during the instruction cycle. Therefore, 
at the beginning of the execute cycle, the effective 
address that is in the accumulator has been modified 
by the index register. 

There are instructions that load, store, and mod- 
ify any of the three index registers. 

Indirect Addressing 

« Used in two word instructions only (F = 1). 

® Causes the address portion of the instruction word 
(plus the contents of an index register if specified) 
to specify the core storage location of an address 
word that is the effective address. 

The direct address can be generally defined as the lo- 
cation of data in core storage. An indirect address 
can then be defined as the address of a direct address. 
For most instructions, the effective address that is 
generated during II and 12 cycles is a direct address. 

However, the presence of a "1" in the bit-8 posi- 
tion of a long format instruction indicates that the 
effective address is really an indirect address. This 
indirect address is the core storage location of a di- 
rect address. 

Only one level of indirect addressing is available 
in the 1800 system. This means that the indirect ad- 
dress of an instruction always selects a direct ad- 
dress, never another indirect address. 



o Twelve levels of interrupt are provided for pro- 
gram usage and twelve additional levels are 
available as special features. 

o Three additional levels are provided: CE inter- 
rupt, trace interrupt, and the check (error) in- 
terrupt. 

Some typical interrupt conditions are: the interval 
timer reaching a preset time interval, an I/O device 
being ready to transfer data, an illegal operation 
code, or an external process condition that needs at- 
tention. 

When an interrupt condition exists, and the bus 
lines can transfer the request, the assigned interrupt 
level is activated in a priority circuit. When the pre- 
sent program instruction is completed, the highest 
priority interrupt level that is active initiates a branch 
to an interrupt subroutine. 

This branch is implemented by a hardware - 
generated branch-and-store -instruction -register 
(BSI) instruction. This forced BSI contains a hard- 
ware-generated indirect address that specifies a 
position of a table of direct addresses. The instruc- 
tion register, containing the location of the next 
instruction in the main line program, is stored at 
the core storage location specified by the direct 
address (EA) and the branch is executed to EA + 1. 
EA + 1 is the location of the first instruction in the 
subroutine that services the interrupting device. 

At the completion of the sequence of interrupt 
service subroutines, an indirect- addressed branch is 
executed with the indirect address being EA. Because 
EA contains the instruction register contents that were 
stored during the BSI, the effective address of this 
branch is the next instruction in the main line program. 

Example: Keyboard Operation 

As an example, consider a keyboard operation. The 
processor- controller must have a stored program 
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including a keyboard-read routine. When the key- 
board request key is pressed, an interrupt request is 
activated on the interrupt level assigned to the key- 
board. When the processor-controller can service 
that level, a forced BSI is executed to a routine that 
determines the device and reason for the interrupt. 

Because this interrupt was activated by the request 
key, the processor-controller executes an instruction 
that activates the keyboard and signals the operator 
to enter a character. After executing this instruction, 
a branch is executed back to the main line program. 

When a character key is operated, another inter- 
rupt request is executed. This is a different kind of 
interrupt. When the, processor-controller can ser- 
vice this request, a forced BSI is executed to a rou- 
tine that again determines the device and reason for 
the interrupt. 

Because this interrupt was caused by the opera- 
tion of a character key, the processor- controller exe- 
cutes an instruction that transfers the keyboard char- 
acter to core storage. The character is manipulated 
according to the interrupt routine and a branch is exe- 
cuted back to the main line program. 

If another keyboard character is to be entered, 
the instruction to activate the keyboard must be exe- 
cuted and the same procedure repeated. 

Data Channel 

• Provides an Input/Output channel for the higher 
speed I/O devices on the system. 

• These I/O devices transfer data to or from core 
storage by a method called "cycle stealing. " 

• Each such device is assigned a cycle-steal level 
to provide priority. Fifteen levels are avail- 
able; 3 are standard, 12 are additional features. 

• Each cycle steal affects processor-controller 
operations only by a one -cycle delay. 

• Once initiated, data transfers are controlled com- 
pletely by data channel circuits . 

This method of data transfer differs from the direct 
program controlled operations in that once initiated, 
no further programmed instructions are necessary 
for data transfer. 

Initializing the data channel sets up a data table 
address in a register assigned to that level. This 
register is the channel address register (CAR) . Initia- 
lizing also sets up a word count in the device adapter 
to control the length of the record to be transferred. 



(The 1442 is an exception; a complete card is read 
or punching is terminated by a bit 12 in a punch data 
word and therefore no word count is required. ) 

When the device is ready to send or receive data, 
it requests a cycle-steal cycle on its assigned level. 
At the end of the present machine cycle, the highest 
priority level that is active causes the cycle-steal 
clock to take control from the processor-controller 
clock for one cycle. Core storage is addressed by 
the channel address register to address the data 
table for the transfer of the data word. The channel 
address register is advanced to contain the address 
of the next position of the data table for the next data 
transfer. At the end of this core storage cycle-steal 
cycle, control is returned to the processor-controller 
and the main line program continues. 

Data channel operations on some devices can be 
chained, that is, addressing continues from one data 
table to another, or the same data table addressing is 
repeated. This eliminates the need of a program in- 
struction to re- initialize the data channel. 

Example: Card Punch Operation 

As an example of a data channel operation, consider 
the 1442 punch operation. The card-pimch instruction 
and a table of data words must be in core storage and 
the 1442 punch must be ready. 

The program executes an instruction that specifies 
the 1442 punch and initializes the data channel to which 
the 1442 pimch is assigned. This operation loads the 
channel address register with the address of a data 
table and starts the advance of a card, in the 1442, to 
the pimch station. 

The execution of this instruction requires two or 
three instruction cycles and two execution cycles. The 
processor-controller then continues its program. 

When the card reaches the punch station, a cycle- 
steal request is activated. When the processor- con- 
troller can service the request, a cycle -steal cycle is 
taken. The channel address register addresses core 
storage to read a data word from the data table. The 
data word is transferred to the 1442 and pimched. The 
channel address register is advanced to contain the ad- 
dress of the next data word. After this cycle-steal 
cycle, the processor- controller program continues. 

When the card advances the next column to the 
punch station, another cycle-steal request is activated 
and another cycle-steal cycle transfers the next data 
word to be punched. A bit 12 in a punch output data 
word terminates punching. 

Between cycle-steal cycles (card columns), thous- 
ands of program instructions and other cycle-steal 
operations can be executed. 
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Interval Timers 

• Three interval timers are provided to supply real- 
time information to the program. 



The 1442 Card Read Punch and the 1054 Paper 
Tape Reader are both capable of initial program 
load. Only one of these units in a system can be 
wired for this feature. 



• Each timer has one permanent time base which 
can be selected from several time base periods. 



• If the system includes one or two 1442 *s, the first 
1442 is the IPL device. 



• The time base periods that are available for 
Model 1 are: 0.25, 0.5, 1, 2, 4, 8, 16, 32, 

64, and 128 milliseconds. The time base periods 
that are available for Model 2 are: 0. 125, 0. 25, 
0. 5, 1, 2, 4, 8, 16, 32, and 64 milliseconds. 

• Core storage words 0004, 0005, and 0006 are 
reserved for Timers A, B, and C. 

The timers can be started or stopped under program 
control. Once started, they are automatically incre- 
mented, one coimt at a time, by the cycle stealing 
facility of the processor-controller. A count is 
added each time the assigned time base period is 
completed. This counting is automatic and does not 
require a program. 

When the 16-bit interval- timer word is incre- 
mented to contain all one bits, the next increment 
(65,*536 from a zero coxmt) steps the word to all zeros. 
When the count reaches zero, an interrupt is reques- 
ted on the level assigned to the timers. 

The program can specify the time interval by 
placing a count in the interval- timer word in core 
storage. 

Operations Monitor 

• A device which causes closure of a contact upon 
completion of a preset time out period. 

Completion of time out is normally prevented by 
execution of an instruction in the processor- 
controller program. 

• A separately powered alarm or indicator may be 
operated by closure of the contact. 

This device is used to notify the process operator 
when the processor-controller is not executing a pre- 
dicted sequence of instructions. This condition could 
be caused by power failure, computer hangup, pro- 
gram looping, etc. 

Initial Program Load 

• Provides a means of automatically loading and 
executing a group of instructions. 



Because reading data from an input device normally 
requires program instructions, a means must be avail- 
able to initially enter the load program that will read 
the entire program. Making the 1442 or 1054 ready, 
resetting the P-C, and pressing the Program Loadkey 
places the processor- controller in the initial-program- 
load (IPL) mode. IPL mode enters all the IPL data 
as instructions beginning at the core storage location 
specified by the I register (normally reset to 0000) and 
automatically branches to 0000 to execute the instruc- 
tions . 

Auxiliary Storage 

• Provides the ability to operate an l/O device un- 
der control of a diagnostic program while the 
customer's program is running. 

® The 4K array contains 256 words designated as 
auxiliary storage. 

• Each 8K array contains 512 words of auxiliary 
storage. 

• The auxiliary storage portion of the first array 
is reserved for CE use. 

m The Multiprogramming Excutive (MPX) Operat- 
ing System logs certain I/O errors in a portion 
of auxiliary storage not reserved for CE use. 

CE exerciser programs, designed to operate in auxi- 
liary storage, are provided as a maintenance feature. 
These diagnostics can be loaded into and run from 
auxiliary storage concurrently with the customer's 
program in main storage. 

Programs are loaded into auxiliary storage by an 
initial program load operation and the interrupt to 
Auxiliary/Main Storage switch, on the l/O monitor 
interface panel, in the Auxiliary position. Auxiliary 
storage is accessed, for program operation, by 
means of the CE interrupt when the switch is in the 
Auxiliary position. 

I/O devices capable of operating in CE mode can 
be placed in this mode by a program instruction. 
When in CE mode, a device interrupts on the CE 
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interrupt level. With the Interrupt to Auxiliary/ 
Main Storage switch in the Auxiliary position, a CE 
level interrupt causes a branch to a subroutine in 
auxiliary storage. The last instruction in the auxi- 
liary storage interrupt rputine branches back to the 
next instruction in main storage. 

If a system interrupt occurs during an auxiliary 
routine, control is returned to the main program. 

When a data channel operation is initiated in auxi- 
liary storage, any subsequent cycle- steal operation on 
that level (data channel) accesses auxiliary storage. 

The program instructions which address the 
auxiliary storage from the main program are includ- 
ed in the Load and Store Operations and Arithmetic 
Instructions in Chapter 3. 

The Multiprogramming Executive (MPX) Operat- 
ing System provides the following error information: 



2. 
3. 



Error logs for CA, 2790 Adapters, and Selector 

Channel. 

Error Statistics table for each CA line adapter. 

A CA trace buffer. 



For error logging tables, refer to MPX program- 
ming documentation. 

I/O Monitor Unit 

• A portable service aid that provides: 

On-line monitoring. 
Console type displays. 
Data and signal comparing. 
Scope sync generation. 
Manual device controls. 

• Registers, latches, and control signals of the I/O 
adapters and channel control are pluggable to the 
I/O Monitor. 

The I/O Monitor can be used to display static conditions 
or to monitor operations of a desired system component. 
A valuable feature is its ability to trap intermittent 
failure. This is accomplished by latching displays 
and controls that permit the displays to be selectively 
set and reset. 

The I/O Monitor connects to the I/O Monitor in- 
terface panel on the 1801, 1802, 1826, or 1810 (Fig- 
ure 1-15). A set of signal connectors are provided 
for each I/O feature that has an I/O Monitor interface. 
The I/O Monitor cables attach to the desired set of 
signal connectors and to a power connector. Plastic 
overlays on the front panel of the I/O Monitor label 
the indicators and switches for the I/O device being 
monitored. 
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Figure 1-15. I/O Monitor Unit Attachment, 1801/1802 

DATA PROCESSING I/O UNIT 
ATTACHMENT FEATURES 



• Adapters and controls are available for attach- 
ing a wide variety of data processing l/O units. 

Data processing I/O units function with an external 
document such as a punched card or a reel of mag- 
netic tape. To provide the logical and buffering capa- 
bilities necessary for operation on 1800 systems, a 
control (adapter) feature is available for each I/O 
imit. 

The following I/O units can be attached to the 
1800 system via the data processing I/O adapters: 

1816 Printer Keyboard (Modified IBM SELEC- 
TRIC® ). 

1053 Printer. 

1054 Paper Tape Reader. 

1055 Paper Tape Punch. 

1442 Card Read Punch. 

1443 Printer. 
1627 Plotter. 
1810 Disk Storage. 
2401/2402 Magnetic Tape Unit. 

The 1816/1053 adapter is a basic feature that ac- 
commodates four 1053*s or one 1816 and three 1053*s. 
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PROCESS INPUT/OUTPUT FEATURES 

• Modular features are available to match the 1800 
system with the process requirements. 

• Analog Input feature converts bipolar voltage or 
current signals to digital values for use by the 
computer. 

• Digital Input feature accepts binary information 
represented by contact closures or voltage levels. 

• Analog Output feature converts digital values to 
precise voltage levels for operating process de- 
vices. 

• Digital Output feature provides binary data to the 
process in the form of "contact" closures or volt- 
age levels. 



ASSEMBLER: The 1800 Assembler permits the pro- 
grammer to write (code) source programs in a sym- 
bolic language that is more meaningful and easier to 
handle than the binary machine language. The assem- 
bler language includes macro capability for communi- 
cation with subroutines . 

FORTRAN: The 1800 FORTRAN compiler allows the 
user to state his problem in a mathematically orien- 
ted language. The compiler produces, as output, a 
machine language program. It provides scientists 
and engineers with a method of communication that is 
more familiar to them and is much easier to use than 
the actual machine language. 

UTILITY: The 1800 card/paper tape utility routines 
perform various input/output functions required for 
programming system operations. Also included are 
routines which aid the user in debugging his programs. 



Analog input features include analog-to-digital con- 
verters, multiplexers, amplifiers and signal condi- 
tioning equipment to handle various types of process 
analog input signals. System conversion rates to 
24, 000 samples per second are provided, with pro- 
gram selectable resolution and external synchroni- 
zation. Analog input capacity is 256 solid-state 
(high-speed) multiplexer points or 1, 024 relay 
multiplexer points plus 192 solid-state multiplexer 
points. A second analog-to-digital converter can be 
added to double system analog input performance 
and capacity. 

The digital input features provide up to 384 proc- 
ess interrupt points, and up to 1, 024 bits of contact 
sense, digital input, high-speed register input, or 
binary pulse coxmter positions. 

Analog output features provide up to 128 analog 
output points for individual or simultaneous operation 
of a wide range of customer devices. 

The digital output features provide up to 2, 048 bits 
of pulse output, electronic "contact" operate, and high- 
speed register output. 

PROGRAMMING SYSTEMS SUMMARY 

The IBM 1800 Data Acquisition and Control System 
Card/Paper Tape and TSX Programming Systems are 
described briefly in the following paragraphs. 

IBM 1800 Card/Paper Tape Programming System 

The IBM 1800 Card/Paper Tape System is made up of 
four sets of programs that support all announced fea- 
tures of the IBM 1800 Data Acquisition and Control 
System. These programs and their descriptions are 
as follows: 



3UBR0UTINE LIBRARY: The 1800 subroutine library 
provides the user with arithmetic and functional, l/O, 
conversion, and miscellaneous subroutines. These 
subroutines allow the user to perform real number 
and integer operations, move data in or out of the 
system, convert data from one code to another, and 
trace or dump data on output devices. 

IBM 1800 Time-Sharing Executive System 

The IBM 1800 Time-Sharing Executive System is a 
real-time, process-control programming system that 
affords the user an easy means of generating, testing, 
and executing a complete process control program. 
The user's process programs are built in the non- 
process monitor mode, tested by the TSX simulator, 
and executed in the on-line, process- control mode. 
With the TSX system, the user can: 



1. 



2. 



Write nonprocess or process- control programs 
in FORTRAN or 1800 assembler language. 
Execute nonprocess and process- control programs 
concurrently. 

Call IBM supplied executive programs which aid 
in the control of the various process functions. 
Simulate process interrupts and analog input/out- 
put to enable testing of process programs with- 
out using the actual physical process. 



IBM 1800 Multiprogramming Executive System (MPX) 

The 1800 Multiprogramming Executive System is 
a real-time multiprogramming operating system 
capable of increasing the efficiency and throughput 
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of the IBM 1800 Data Acquisition and Control System 
computer. 

To increase throughput, MPX enables programs, 
core storage space, input-output facilities and con- 
trol of the processor-controller to be allocated and 
concurrently shared among several process func- 
tions. These facilities permit multiprogramming, 
that is, they permit several process functions to be 
performed concurrently and to share the basic re- 
sources of the computing system. 

The system also provides for queuing of I/O 
operations and allows the user to achieve maximum 
overlap of l/O and computing. On the lowest level 
of operation, a batch processing monitor is pro- 
vided. With the batch processing monitor, assem- 
blies, FORTRAN compilations, and user programs 
can be executed in a stacked job mode. 



With the MPX system, the advantages are: 



1. High throughput. 

2. Fast response. 

3. Efficient use of processor-controller time. 

4. Ease in time-scheduling program execution. 

5. Ability to modify in-core user written routines 
on-line. 

6. Ability to modify IBM processors on-line. 

7. Ability for the IBM Customer Engineer to run 
on-line diagnostics for the 1442, 1443, 1810, 
1053, Communications Adapter, Selector 
channel, and analog input (Direct Program 
Control). 

8. Time-sharing of foreground and background 
(batch processing monitor) operations. 
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Chapter 2. Functional Units 



CENTRAL PROCESSING UNIT 

Multi-Input Trigger 

This circuit is used in clock, counter, and register 
circuits and as a standard flip-flop. Much of the 
1800 system logic design utilizes the characteristics 
of this flip-flop and its associated input circuits. A 
circuit description of the flip-flop is in the Appendix. 

INPUT GATING CHARACTERISTICS: The gate level 
of this flip-flop must be present at least 170 nano- 
seconds (4 jLtsec system) before the shift pulse. The 
gate input remains at an operating level for about 90 
nanoseconds after the fall of the signal. 

Some flip-flop inputs are conditioned by gate and 
shift signals that occur simultaneously. For example, 
the data-cycle flip-flop turn-on is conditioned by El 
cycle (gate) and TO (shift) (Figure 2-1). The flip-flop 
does not turn on during the El cycle because the gate 
is not present before the shift. The gate actually 
falls at the same time the next shift pulse arrives; 
however., due to the capacitive delay in the gate circuit, 
the flip-flop is turned on by this TO shift pulse. 

Clock and Timing 

• The basic pulse generator for the 1801 Model 1 
or 1802 Model 1 (4-iLtsec cycle) is a 2-megacycle 
free -running oscillator. 



The basic pulse generator for the 1801 Model 2 
or 1802 Model 2 (2-)isec cycle) is a 4-megacycle 
free-running oscillator. 

When an 1803 unit is included in the system, a 
2. 25-|Lisec cycle is developed by doubling the 
duration of Tl for each machine cycle. 

Clock advance circuits and the clock ring are 
shown in Figure 2-2. 

The phase flip-flop is turned on and off by the 
oscillator to time the clock advance circuits 
and to provide sub -clock -step pulses (A phase 
and B phase) for the system. 

The advance flip-flop is turned on by the first 
B-phase pulse after the Start key is operated. 

The delay flip-flop is turned on by the advance 
flip-flop and the next B-phase or by an initial - 
program-load request. 

The run flip-flop is turned on by the delay flip- 
flop or by an interrupt. 

Clock -advance pulses occur at every A-phase 
time after the run flip-flop is turned on. 



El Cycle 
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Data Cycle 
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TO 
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-Gate Delay 
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Figure 2-1. Input Gating Characteristics 



• The clock ring consists of eight triggers, TO 
through T7. 

m A basic machine cycle is one complete cycle 
of the clock ring. 

e A cycle is extended for various operations by 
holding on the T7 flip-flop. 

The P-C clock is reset or "latched" with the T7 
flip-flop on. When certain arithmetic and shift 
operations require more steps than one cycle pro- 
vides, the clock is stepped to T7 and then clock 
advances are prevented, holding on T7 while the 
phase flip-flop output provides timing pulses for the 
operation. Advancement from T7 requires the run 
flip-flop being on and the absence of any of the clock - 
extending conditions. Once T7 is turned off, the 



1800 P-C FETO (2/70) 2-1 



4MHz (2/xs) Phase A/B 
2 MHz (4m s) 



Start Key N/O 

tPL Reg Qr} — 



OSC -|J- 



CC021 



FF 



CC021 



B Phase 



Start Key 



Advance 



N/C 



NJa 



FF 



B Phase 



CC031 






Single Step 



Delay 



FF 



CC031 



Reset 



Wait Op 



17 



Single Mem Cycle 






Single Inst or Stop 



End Op 17 



(Not) Run, Trace, or Display 



isplay ' ■ A 



Error Check Stop 



OR 



Any Int Reg 



IK 



d 



HK 



Run 



OR 



OR 



FF 



CC041 



to 



Tl Deloy 



Phase A 



-FF 



CC04I ^ 



With 1803 



17 



(Not) Cycle-Steal Cyc 
(Not) Shift Rt Rot 16/48 



(Not) BR 1 



(Not) BR 2 



(Not) Single Step 



(Not) Shift Ctrl 



A Phase ^ 

Single Step and "* 



CC041 Start Key 



OR 



(Not) Arith Ctrl 



A Phase Powered , ^ 



(Not) 17 



OR 



17 



TO 



HhmJ 

[z: 



DC Reset 



OR 



FF 



CC211 



[pZ 



Tl 



izr 



OR 



FF 



CC211 



T2 



Hh 



4h 



A —^ 



OR 



FF 



CC211 



^^ 



S^ 



CC041 



SPD 



CC041 



Clock 
Adv 



^i- 



iBaT^ 



17 



17 



FF 



CC231 



Oscillator 

A Phase 

B Phase 

Start Key 

Advance 

Delay 

Run 

Clock Advance 

TO 

Tl 

T2 

Tl 

Tl Dday 

12 

16 

17 




-I t 



-t b 



? ; ' 

/' This advance suppressed by Tl Delay (1803) 

_*n_j ^ n TL n tl 



-i h 






Tl Delay FF (used with 1803) extends Tl time an 
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Figure 2-2. P-C Clock and Clock Advance 
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clock advances unless the P-C is in the Single - 
Step mode. 

The clock is stopped at T7 after one cycle (basic 
or extended) if the P-C is in the Single -Cycle mode or 
performing a Wait operation. The clock is stopped 
at the last T7 of an operation (End Op T7) if the P-C 
is in the Single -Instruction mode or if the Stop key 
is operated. 

Single-Step mode prevents clock advances by 
blocking the A-phase pulse except when the Start 
key is operated. 



Cycle Timer 

• Composed of six flip-flops: II, 12, lA, E, 
El, andES. 

• Specifies the type of cycle being performed. 

d Gates the necessary circuits for that type of 
cycle. 

® Functions of the various cycles are described ir 
the I and E Cycles section of Chapter 3. 

« Figure 2-3 is a flow chart of I and E cycles. 

• Figure 2-4 shows the development of E cycles. 



// 



This flip-flop is dc reset on to begin the first 
operation with II cycle. 

Turned on after the last cycle of every operation 
(end -op, TO). 




(One word instr.) No >^ormatV ^^^ (Two word instr.) 
Bif 5 
<=1 



Figure 2-3. I and E Cycles 



Turned off at the next TO if not end-op. 



TO 

I 



E Flip-Flop 



TO 
I 



TO 

I 



TO 
I 



E-1 Flip-Flop p 



E-3 Flip-Flop 



I Cycles 



-H^ 



E-l Time p^ E-2 Tim 

— — — ^— ^— E Cycles 



Figure 2-4. Development of E Cycles (CC331) 
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12 



This flip-flop is turned on at TO following II 
if the format bit (bit 5 of instruction word, 
read on II) is a one. 

Turned off at next TO. 



lA 



Registers are used at different cycle times and 
for different purposes during the various instructions. 
The times and conditions are explained for each 
instruction in Chapter 3 of this manual. 

Data flow through the processor -controller 
registers is shown in CCIOIOI. 

Storage Buffer Register (B) 

• B register consists of 16 flip-flops. 



This flip-flop is turned on at TO of a two -word 
instruction (bit 5 = 1) if the lA bit (bit 8) is a 
one. 

Turned off at next TO. 



• Data and instruction words read out of core 
storage are set into the B register. 

• DC reset, also reset at every TO or XO time. 

• B register contents determine data to be written 
into core storage. 



El 



This flip-flop is turned on at TO following any I 
cycle if the following do not exist: end-op or 
conditions to turn on 12 or lA. 



Turned off at TO with end-op. 
El, E2, and E3 times. 



Remains on for 



This flip-flop is turned on with E flip-flop. 



• Turned off with next TO. The off condition is 
ANDed with the E flip-flop output to provide 
E2 time. 



E3 



This flip-flop is turned on at TO with an XIO 
read/write instruction and E2 time. 

Turned off at the next TO. 



Registers 

• The following characteristics apply to all the 
processor -controller registers. 

The output is independent of the triggering action. 
It can be set and sampled at the same time. The 
gate must be present 170 nanoseconds before the 
set pulse. 



• Odd parity in respect to the contents of the B 
register is generated or checked during each 
core storage cycle. 

• Inputs to the B register are from: 

Sense Amplifiers (from core storage) 

I-register 

Accumulator 

In-Bus (via channel data bus) 

Data Entry switches (via channel data bus) 

• Outputs from the B register go to: 

Inhibit circuits (to core storage) 

D register 

Out -Bus (via channel data bus) 

I-register 

Op register (Bq - B4) 

Format Register (B5) 

TAG register (Bg, B7) 

Mod. register (Bs, Bg) 

Shift Control Register (B^q - B-j^5) 

o Contents are continually displayed on the console. 
Arithmetic Factor Register (D) 

• D register consists of 16 flip-flops. 

• Stores one factor for arithmetic and logic oper- 
ations; the other factor is in the accumulator. 

• The D register and the accumulator have unique 
interconnections that implement arithmetic and 
logical operations. 

• The other input to the D register is from the B register . 
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• Positions through 7 are set to ones when a 
negative displacement is loaded into positions 
8 through 15. 

• Load D24, D]^5 to carry/ overflow indicators at 
T4 in load status operation. 

• Contents are continually displayed on the con- 
sole. 

Accumulator (A) 

• Stores one factor of an arithmetic operation; the 
D register contains the other factor. 

• Contains the result of any arithmetic operation. 

• Contents can be shifted right or left. 

• Contents are continually displayed on the 
console. 

The accumulator is a 16 -position register with 
unique connections that enable arithmetic and shift 

operations. 

It can be loaded from core storage by a Load 
Accumulator instruction. This operation is executed 
to set up one factor of an arithmetic operation or to 
set up a data word to be shifted. 

An XIO instruction with a sense command can 
load the accumulator with a sense word from an I/O 
adapter. The program can then analyze the sense 
word by a shift operation. 

The accumulator contents can be stored in core 
storage by a Store Accumulator instruction. Its 
contents can also be stored in the temporary accumu- 
lator (U register) to allow the subsequent use of the 
accumulator. For example, before the effective 
address is generated (requires the accumulator for 
an add operation) the contents of the accumulator 
which might be data to be used in the operation, are 
traasf erred to the U register. At the beginning of 
the El cycle, the original contents are transferred 
back to the accumulator. 

The accumulator's only iaput from the D register 
is conditioned by the add-sub-OR-EOR gate. There- 
fore, any operation that requires a D to A transfer, 
even though it is not an arithmetic operation, must 
activate this line. 

The gating of the input and output of the accumu- 
lator are conditioned by the various operations as 



shown in the description of the operations in Chapter 
3. A summary of the inputs and outputs follows: 

Inputs : 
A0-A15 



Ao 



D register 

I register 

Q register 

U register 

Index registers 1, 



2, and 3 



Ql5 (rotate right operation) 
Multiply sign entry 
^10"Ai5 

Shift Counter 



^15 



Overflow indicator 
Double precision carry 
QO (shift left operation) 



Outputs: 
IA0-A15 



Q register 
U register 
B register 
M register 
Index register 1, 2, 



and 3 



H5 



Q^ ^( shift right operation) 



Adder 



• There is no discrete functional unit called the 
adder. 

• The "adder" is composed of the D register, the 
accumulator, and their unique interconnection 
and control. 

• The circuit connections and timing diagram for 
the add and subtract operations are shown on 
CC50101. 

An add or subtract operation must be preceded by an 
operation that loads the accumulator with one factor. 
The add or subtract operation brings the other factor 
from core storage and places it in the D register. 

The D factor is added to the A factor in parallel. 
Figure 2-5 shows an example of an add operation. 
If Dn is a one, the state of A^ (same bit position as 
Dji) is changed. If Aj^ changes from a one to a zero. 
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A^ 



• Contents cannot be displayed on the console. 

• Used for storage only; not capable of other 
accumulator functions. 

• Saves the contents of the accumulator during 
effective address generation of an instruction 
cycle. 

• Saves the contents of the accumulator during E 
cycles of a compare instruction. 

Accumulator Extension Register (Q) 



Sum Rule: Each 1 in D changes value of 
corresponding bit in A, 

Carry Rule: A change from 1 to in A sets 
next higher-order position in 
D to 1. 



1 24031 A I 



Figure 2-5 . Add Operation Example 



• An extension of the low -order end of the 
accumulator; 16 positions. 

• Inputs are from the corresponding positions of 

A and the two adjacent positions of Q; the Q^ 

position has an input from A . 

15 



"0 



Outputs are to the corresponding positions of A 
and, for shift operations, the two adjacent 
positions of Q. 



the next higher order of D (that is, ^n+i) is set to 
a one. If not, '^x^+i is set to a zero. The pulse 
that causes this action, reset-D-register, occurs 
at phase -A time of clock steps T4 through T7. 

The add is complete when the D register con- 
tains all zeros. The D register is checked for all 
zeros at phase -B time of the same clock steps that 
cause the adding, T4 through T7. 

If the operation requires more than four add 
cycles (T4- T7), T7 is extended until the add is 
complete. (The A and B phase pulses continue. ) 

Negative numbers are handled in two's 
complement form. 

Subtraction is accomplished by activating the 
subtr act-gate -A-register line (CC50101). In A^^ 
changes from a zero to a one, the next higher order 
of D (Dj^+]^) is set to a one. If not, Dj^+]^ is set to a 
zero. 

Temporary Accumulator Register (U) 

• Temporary storage for the contents of the 
accumulator; 16 positions. 

• Input and output is from the corresponding 
positions of the accumulator. 



• Contents can be displayed only at the end of a 
cycle, under control of the Display-Data- 
Register switch. 

• Stores the 16 least significant bits of a multi- 
plication product. 

• Stores the remainder of a divide operation. 

Instruction Address Register (I) 

• Sixteen -position register, connected as a counter 
to maintain the address of the next instruction. 

• Contents are transferred to the M register at 
TO time of II and 12. 

• Contents are then increased by one for the next 
sequential address. 

• Contents are transferred to the accumulator for 
effective address generation during each one- 
word instruction cycle. 

• Contents are continually displayed on the console. 
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I REGISTER INCREMENTING: The 16 flip-flops of 
the I register are connected as a binary counter 
(Figure 2-6). All the flip-flops are gated by the 
increment-gate line except during the operations in 
which incrementing is not needed. The pulse that 
turns on or off 1-15 is active every end-op-TO time 
(I to M pulse). 1-15 going off turns on or off 1-14; 
1-14 going off turns on or off 1-13. 

This binary -counter method is used for all the 
flip-flops except positions I-ll, 1-7, and 1-3 which 
are turned on or off by all the previous (lower order) 
positions being on and then going off. 

Storage Address Register (M) 

• M register consists of 16 flip-flops. 

• Positions 0, 1, and 2 of the M register select 
one of eight core storage units. 



• Positions 3 through 15 of M register select the 
word within the addressed 8k core storage array. 

• Loaded from the I-register or the accumulator. 

• Output is inhibited for some operations. 

• During data channel operations, output is re- 
placed by the Channel Address Register 
output. 

• Position 15 output is forced on during double 
precision instructions. 



• Contents can be displayed, at the end of a cycle, 
under control of the Display -Address -Register 
switch. 



Incr Gate 




To 1-10 



1-15 



1-14 



r"L_r— L 



1-13 



r 



1-12 



-11 
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Figure 2-6. I Register Incrementing 
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Shift Counter (SC) 

Six position binary counter. 

Loaded at the beginning (II, T5) of every operation 
to control the number of cycles to be taken. 

Loaded at the beginning of a shift instruction to 
control the number of positions to be shifted. 

Decremented at Tl of each execute cycle 
(Figure 2-7). 

Shift count = causes the operation to end. 

Contents can be displayed, at the end of a cycle, 
by use of the Display Data Register switch. 

The shift counter consists of six flip-flops; SC-1, 
SC-2, SC-4, SC-8, SC-16, andSC-32. It can be set to 
a count of 1, 16, or 18 by circuitry; or it can be 
loaded from the B-register or any index register. 
The output is tested for a count-equal -zero condi- 
tion. Figure 2-7 shows the shift counter set to a 
count of 18 and decremented to zero. 



Index Registers fXR) 

• Three hardware index registers are standard 
features. 

• Used for address modification. 

• XR*s are selected by the instruction word TAG 
bits (bits 6 and 7) as follows: 



Bits 6 and 7 

01 
10 
11 



XR 

1 
2 
3 



Contents can be changed by LDX, MDX, or SLC 
instructions only. 

All XR outputs can be gated to the accumulator. 

XR bits 10-15 can be gated to the shift counter 
for shift operations. 
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Figure 2-7. Shift Counter Decrementing from 18 
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• The XR specified by the TAG bits is reset at the 
beginning of an SLC operation. 

• XR's are not reset by DC reset. 

• Contents can be displayed, at the end of a cycle, 
under control of the Display -Data -Register 
switch. 

Three index registers, consisting of 16 flip-flops 
each, are included in the 1801 and 1802 Processor- 
Controllers. The set gates for the XR*s are con- 
ditioned by the TAG bits of the instruction word (bits 
6 and 7) and are activated by LDX, MDX, or SLC 
instructions at E -cycle -entry time. The following 
XR positions are gated to the shift counter: 



XR 1, 


2 


or 3 


Shift Counter 


Position 




Position 


15 






1 


14 






2 


13 
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12 
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11 






16 


10 






32 



CORE STORAGE 

• The core storage unit, 4K or 8K, is self- 
contained on a single SLT board. 

e There are two core storage units available: 
4/xsec and 2/isec. 

@ SDOll is a block diagram of the 4/xsec core 
storage. 

• SAOll is a block diagram of the 2jLtsec core 
storage. ^ 

• When an 1803 adapter is installed, the system 
operates with a cycle time of 2. 25 jLtsec. 

Magnetic Core Theory 

A magnetic core is a small doughnut-shaped ring 
that is uniformly constructed of ferrite particles 
bonded together by a ceramic material. The ferrite 
particles have good magnetic properties and the core 
has a high retentivity of the magnetic flux lines after 
the magnetizing force is removed. It is this property 
of retentivity that makes a magnetic core useful as a 
storage device. 



The operation of a magnetic core can best be 
described by reference to its hysteresis curve. 
Figure 2-8. This curve is a plot of the relationship 
between a magnetizing current and the flux density 
of the core. 

A magnetic core is capable of maintaining in- 
definitely one of two stable magnetic states, either 
at point A or at point D on the hysteresis curve. 
Because the core has two stable states, it can be 
used as a binary storage device. At point A the core 
has a residual flux in a negative direction, and at 
point D a residual flux in the positive direction. 
These two directions can be arbitrarily assigned as 
binary "zero" and binary "one," respectively. 
Ijj^ is the amount of current necessary to change the 
state of the core. Plus I^^ is the amount of current 
required to "flip" the core from binary zero to binary 
one. Minus Ij^^ is the same amount of current in the 
opposite direction required to flip the core from 
binary one to binary zero. 

On the hysteresis curve, it can be observed 
that a magnetizing current of plus Ij^^ will change the 
magnetism of the core from poiat A, a binary zero, 
to a value in the positive direction at point C. When 
the current is removed, the total amount of magneti- 
zation drops back to point D (binary one). If, instead 
of the full magnetizing current Ij^^, a current of lj^/2 
were applied, the flux would change only the small 
amount from point A to point B on the curve, and 
when the current returned to zero, the flux would re- 
turn to its original value. 

A reverse current, minus Ij^, develops flux of 
opposite polarity and, if the core is in the "one" 
state, changes the magnetic state of the core from 
point D to point F. When the driving current is re- 
moved, the magnetization drops back to point A 
(binary zero). 
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Figure 2-8. Hysteresis Curve of Magnetic Core 
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Writing Into Core 

The magnetic properties of the core make it ideally 
suited for use in a storage matrix employing X and 
Y drive lines. Each core of the matrix is threaded 
by three windings (Figure 2-9). One winding is an 
X drive line that carries a current Ixn/2 and one wind- 
ing is a Y drive line that carries a current Im/S in 
the same direction. A coincidence of current in these 
two windings occurs at one core storage position 
(18 cores) thereby ^^selecting" that word. 

The third winding is the inhibit/sense winding. 
When writing into a core storage position, each core 
that is not to receive a "one" bit is inhibited by a 
current Iin/2 flowing in its inhibit/sense winding in 
a direction opposite that flowing in the X and Y drive 
lines. The magnetic field produced by the inhibit/ 
sense winding effectively cancels half the field pro- 
duced by the X and Y drive lines. The resulting 
magnetic field is insufficient to flip the core to the 
"one" state. 

Reading Out of Core 

When information is to be read out of a core storage 
position, the currents Ini/2 in the X and Y windings 
are reversed (Figure 2-9). Each core that flips 
from a "one" to a "zero" state induces a pulse into 
its inhibit/ sense winding. The inhibit/sense winding 
at each core does not carry inhibit current and is 
used instead to detect the change in state of the 
magnetic flux. The sensed bits are set into the 
corresponding positions of the B register. 

Addressing 

• One X drive line and one Y drive line are acti- 
vated by selecting both ends of the lines. 

• Each active drive line carries half -select 
current. 

• The two drive lines intersect at one core ia each 
bit plane (18 cores) to provide full select current 
at that one word. 

8K Addressing 
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Figure 2-9. Core Storage Write and Read (4-usec Storage) 



The magnetic cores are arranged in matrices of 
128 X 64 cores, called planes, (Each plane is actu- 
ally 128 X 68, providing 512 positions of auxiliary 
storage that are not program addressable and are 
described in another section. ) The 8K array con- 
sists of 18 of these planes with each plane assigned 



to one bit position of a core storage word. Cor- 
responding core positions in each plane are addressed 
simultaneously by the X and Y drive lines to select 
one 18-bit word. Siace there are 8192 cores in each 
plane, the 8K array has a capacity of 8192 words. 
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The 128 X 64 matrix in SD041 represents one 
plane of the 4-/i<tsec core storage, 8K array. 8K 
addressing for the 2-pisec core storage is shown in 
SA041. It differs from the 4-|Lisec core storage only 
in the drive circuits which are described in another 
section. The one core that is shown is selected by 
the address in the 13 positions of the address regis- 
ter (M register). 

At side A, the 64 X drive lines, which run 
through all planes, are divided into eight groups of 
eight lines each. One group is activated by a decode 
of M register positions 3,4, and 5, At the other end 
of the X lines, actually the other end of the array, 
one line in each group of eight is activated by a de- 
code of M register positions 6, 7, and 8. Thus, a 
single X liae is activated and carries half -select 
current. 

At side B, the 128 Y lines which run through all 
planes, are divided into eight groups of 16 lines 
each. One group of 16 liaes is activated by a decode 
of M register positions 9, 10, and 11. At side D, 
actually the other end of the array, one liae in each 
group of 16 is activated by a decode of M register 
positions 12, 13, 14 and 15. A single Y line is 
thereby activated and carries half -select current. 

In each plane, the core at the intersection of 
the active X and Y drive lines receives full -current 
and is the only core in the plane that is selected. 

4K Addressing 



eight groups of 16 lines each, as in the 8K array, and 
run through all nine planes. One group of 16 lines 
is activated by a decode of M register positions 9, 
10, and 11. At the other end of the array, one line 
in each group of 16 is activated by a decode of M 
register positions 12, 13, 14, and 15. This active 
Y line intersects the active X line at two cores 
in each plane; therefore, nine planes provide 18 
bits for each of 4096 words. 

Module Selection 

• One module (one SLT board) of core storage 
can contain a 4096- or 8192-core arrpy. 

• Address register bit 0, bit 1, and bit 2 lines 
select the module. 

• Module selection lines are connected through 
wired-logic (WZ20100). 

The circuits that activate the core storage clock and 
timing circuit, and therefore select the unit, require 
a specific combination of address -register-bit, -1 
and -2 lines. These lines connect from the M- 
register output to the core storage circuits through 
wired logic. Figure 2-10 shows the combinations 
required to activate each module through 32K. Ad- 
dress selection for 32K through 65K is shown in the 
FEMM and in WZ20101. 



One plane of the 4-/xsec core storage 4K array is 
shown in SD042. 4K addressing for the 2-jusec core 
storage is shown in SA042. The 4K and 8K arrays 
occupy the same area of the SLT board. The core 
planes used in the 4K array are identical to those 
used in the 8K array but only nine planes are used. 
For addressing purposes, each 128 x 64 plane is 
divided into two 128 x 32 half-planes. Each of the 18 
half -planes is assigned to one bit position of the core 
storage word. Since there are 4, 096 cores in each 
half -plane, the 4K array has a capacity of 4, 096 
words. (An auxiliary storage of 256 words is actu- 
ally part of the 4K array; it is described in another 
section. ) The 32 X drive lines are divided into four 
groups of eight lines each (one-half as many groups 
as in the 8K array). The X lines run through the 
nine B half-planes, then loop back through the nine D 
half -planes. One group is activated by a decode of M 
register positions 4 and 5 (position 3 is not used 
with 4K core storage) . At the other end of the X 
lines, one line in each group is activated by a de- 
code of M register positions 6, 7, and 8. A single 
X line is thereby activated and carries half -select 
current. The 128 Y drive lines are divided into 



Addressing - Auxiliary Storage 

• Auxiliary storage can be selected by CE switches 
or by an I/O device operating in CE mode 

• Program access to auxiliary storage is provided 
by certain data communication features. 
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Figure 2-10. Core Storage Module Selection 
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Auxiliary core storage is selected in an array 
when the address -register-bit-auxiliary line from 
the P-C is active. Auxiliary core storage ad- 
dresses are shown in the following table. 





System Storage in 8K Increments 




1st 


2nd 


3rd 


4th 


5th 


6th 


7th 


8th 


CE Storage 
Addresses 
in Hex 


0000 

1 

OOFF 


2000 
20FF 


4000 
40FF 


6000 
60FF 


8000 

1 

80FF 


AOOO 
AOFF 


COOO 
COFF 


EOOO 

1 

EOFF 


1100 

t 

IIFF 


3100 

( 

31 FF 


5100 

t 

51 FF 


7100 

1 

71 FF 


9100 

) 

91FF 


BlOO 

1 

BIFF 


DlOO 

( 

DIFF 


FlOO 

1 

FIFF 



The storage-address-bit-auxiliary line (CQ991) 
is activated when: 

1. CAB-bit auxiliary flip-flop is on and the gate- 
channel-storage -address line is active. This 
operation takes place when I/O units operate 
from programs stored in the auxiliary portion 
of core storage. 

2. Gate-M-register-storage-address line ANDs 
with one of the following lines. 

a. Auxiliary-storage-select line. This line is 
the result of FORCE AUX in the on position. 
Only the auxiliary portion of storage is 
addressed and main storage is inaccessible. 

b. CE -auxiliary-storage-select line. This 
line is activated by the CE -inter rupt- 
auxiliary-storage flip-flop. The flip-flop 
is set when the interrupt-to-auxiliary 
switch is on and the momentary CE -level- 
interrupt switch is pressed or when a de- 
vice in CE mode interrupts. 

c. Load-store-auxiliary flip-flop. The flip- 
flop is set by the main program instructions 
to log errors in auxiliary storage. This 
feature is available with CA, 2790 Adapter, 
or Selector Channel. A modifier bit 9=1 in 
a two-word instruction operating with the 
MPX program addresses auxiliary storage. 
These instructions are load accumulator, 
load double, store accumulator, double 
store, logical AND, logical OR, and logi- 
cal exclusive OR. 

Core Storage Arrays 

• Core storage arrays are available in two sizes, 
4096 (4K) words and 8192 (8K) words. 

• Each word consists of 18 bits. 



• Both arrays consist of core planes in a 168 x 68 
matrix (168 x 64 program-addressable) . 

• The 8K array contains 18 physical planes, each 
of which contains one bit -position for each word. 

• The 4K array contains 9 physical planes, each of 
which contains two bit -positions for each word. 

2- fxsec and 4- jJLsec Core Storage Arrays 

Because the 2-jLisec and 4-)Ltsec core storage units 
use different address drive circuits and different in- 
hibit/sense circuits, the use of the array terminals 
is different. The 8K and 4K array descriptions given 
here are based on the 4-)isec storage. It applies to 
the 2-iUsec storage arrays except for references to 
the drive circuits. The differences can be seen by 
comparing bottom-board and diode-board diagrams 
for the two units. The ALD numbers for the 4-jLtsec 
storage begin with SD; the corresponding diagrams 
for the 2-jusec storage have the same page number 
except they begin with SA. The inhibit/sense termi- 
nals for the two units are shown in SA/SD061. The 
1803 uses two-)Lisec storage units. 

8K Array 

The 8K core storage array consists of a bottom 
board, 18 core planes, and a diode board. The 
bottom board plugs into the SLT board and provides 
connection from the SLT circuits to the X, Y, and 
inhibit/sense lines of the array. SD012 shows the 
4-/xsec core storage SLT board with an 8K array 
disconnected and indicates the path of typical ad- 
dress and inhibit/sense lines. 

SD071 shows the land pattern for the bottom- 
board terminals ; the connectors are not shown. 
The even-addressed Y write driver and read gate 
lines go from the connectors, through the land 
pattern, to terminals B4-35 and B46-77; the odd- 
addressed lines go to terminals D4-35 and D46-77. 
The even-addressed X write driver and read gate 
lines go to terminals C2-17 and C20-35; the odd- 
addressed lines to terminals A2-17 and A20-35, The 
write driver /read gate windings of Bit 17 plane 
connect directly to the bottom -board terminals. 

The X and Y write gate and read driver lines go 
from the connectors, through the bottom-board land- 
pattern, to the following terminals: even -addressed 
lines to Bl-3, B36-45, and B78-80; odd-addressed 
lines to Dl-3, D36-45; and D78-80. The lines then 
go along the sides of the array to the corresponding 
terminals of the diode board. The diode-board 
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land-pattern (SD081) connects the lines to the com- 
mon terminals of the diode packs. From the individual 
diodes, the land pattern connects to the terminals at 
the sides of the diode board. 

DIODE BOARD TERMINALS: Note that the storage 
address register SD081 is divided into X and Y High 
Order and Low Order positions. If the X portion of 
the specified address is even (pos. 8 = 0), the active 
X terminal is on side C of the array. If the X por- 
tion of the address is odd (pos. 8 = 1), the active X 
terminal is on side A of the array. 

If the Y portion of the address is even (pos. 
15 = 0), the active Y terminal is on side B of the 
array; if odd (pos. 15 = 1), the active Y terminal 
is on side D, 

Locate the specified terminals by finding the 
group of lines associated with the X and Y high order 
positions of the address. The relative position of 
the line within the group is the same for all low order 
values and is identified in the enlarged drawing 
(within broken lines) for each side of the diode board. 

ARRAY WINDINGS: The diode-board terminals can be 
related to the terminals on each plane and the lines 
can be traced through the array by referring to 
Figure 2-11. This figure shows the relative location 
of the 18 cores that form the word at core storage 
address OOOO^eo Note that the Y address line for 
this address enters Bit plane at side B and is acti- 
vated by positions 9, 10, and 11 (Y high order) of the 
address register. The X line enters the Bit plane 
at side C and is activated by positions 3, 4, and 5 
(X high order) of the address register. The two 
lines go through every plane, intersecting at the 
core at location OOOO^g in each plane. 

At Bit 17 plane, the Y line exits at side B and is 
activated by positions 12-15 (Y low order) of the 
address register. The X line exits at side C and is 
activated by positions 6, 7, and 8 (X low order) of 
the address register. 

The X and Y lines for an odd address enter Bit 
plane and exit Bit 17 plane at the sides of the array 
opposite those for an even address, as shown in 
Figure 2-11 inset. The inhibit/sense lines for an 8K 
array are shown in Figure 2-12. The lines for plane 
l(bit 0) connect to bottom board terminals at side C; 
alternate planes connect to sides A and C. The 
bottom board connects the lines to the inhibit/sense 
cards through the land patterns and connector blocks 
(SD012). 

BOTTOM BOARD TERMINALS: From the terminals 
of Bit 17 plane, the lines go to the bottom board 
terminals (SD071), through the land pattern to the 



connectors (not shown), and through the SLT board 
land-pattern to the drivers and gates. 

The bottom board also provides connection from 
the inhibit/sense connectors (not shown) that plug 
into the SLT board, to terminals 1S-54S at sides A 
and C. 

4K Array 

The 4K array consists of a bottom board, 9 core 
planes, and a diode board. As described in the 
addressing section, the core planes used in the 4K 
and 8K arrays are the same. The Y windings in the 
two arrays are connected in the same way but the X 
windings are connected differently. Because each 
physical plane must provide two bit -planes, the X 
windings go through the B-half of each plane in the 
array and then through the D-half. SD072 shows the 
land pattern of the 4K bottom board. Note that at 
sides A and C the four groups of X lines in the B- 
half are common to the four groups in the D-half. 

The Bit 16 and 17 X lines shown in Figure 2-13 
connect to the bottom -board terminals at side A and 
C. Side A of the bottom -board land -pattern thus 
provides the "jumpers" for the even -addressed X lines 
between Bit 16 and 17 and side C provides the 
"jumpers" for the odd-addressed X lines. The MDM 
shows the land pattern for the terminals; the con- 
nectors are not shown. 

The X and Y write driver and read gate lines go 
from the connectors, through the bottom-board land- 
pattern, to terminals at the sides of the array. The 
write driver /read gate windings of Bit 16 and 17 
planes connect directly to the bottom board terminals. 

The X and Y write gate and read driver lines 
go from the connectors, through the bottom -board 
land-pattern to the indicated terminals, and along 
the sides of the array to the corresponding terminals 
of the diode board. The diode-board land-pattern 
(SD082) connects the lines to the common terminals 
of the diode packs. From the individual diodes, the 
land pattern connects to the terminals at the sides 
of the diode board. 

DIODE BOARD TERMINALS: The function of the 4K 
diode board (SD082) is the same as the previously 
described 8K diode board. One-half of the X read 
driver/ write gate diode -packs are not used because 
there are half as many X drive lines in the array. 
The terminals are numbered differently and sides A 
and C are used differently. 

The B-half of sides A and C provide connection 
from the diodes to the X read driver /write gate lines 
in groups of eight lines as do the corresponding 
terminals of the 8K diode board. The D-half of sides 
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Note 


Four usee Storage 


Two \isec Storage 


© 
(D 
(D 
© 


Y Read DriverA^rlte Gate 
X Read DriverA^rite Gate 

Y Read GateA^rite Driver 
X Read Gate/Write Driver 


Y Read Cafe/^rife Driver 
X Read Gate/Write Driver 

Y Read Driver A^rite Gate 
X Read DriverA^rite Gate 



Figure 2-11. X and Y Address Lines for Location 0000, 8-K Array 
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Figure 2-12. Inhibit/Sense Lines for Bit 0, 8-K Array 



A and C provide connection from the other end of the 
lines to the X read gate/ write driver lines within 
the groups. 

ARRAY WINDINGS: Figure 2-13 illustrates the 4K 
array bit-plane layout, the paths of the X andY wind- 
ings, and the relation of the windings to the termi- 
nals of the bottom board and diode board. The wind- 
ings within the planes are the same as those in the 
planes of the 8K array; it is the bottom board and 
diode board that cause the array to function as 4096 
eighteen-bit words. 



The even-addressed Y lines, from the read 
driver /write gate circuits, enter plane 1 through the 
Bit-2-plane half (side B), go through every plane, 
and exit plane 9 at the Bit-16 plane half (side D). 
Odd-addressed Y lines (Figure 2-13 inset) enter 
plane 1 at side D'^and exit plane 9 of side B. Even- 
addressed X lines, in four groups of eight each, 
enter plane 1 at the B-half of side C, go through the 
B-half of every plane, and loop back (by the bottom- 
board land-pattern) to the D-half of plane 9. The 
lines then go through the D-half of every plane and 
exit plane 1 at side C to connect to the diode board. 
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Alternate Lines 
(Odd Addresses) 



Note 


Four ^isec Storage 


Two psec Storage 


® 


Y Read Driver/Write Gate 


Y Read GateAVrite Driver 


© 


X Read Driver/Write Gate 


X Read GateA^rite Driver 


® 


Y Read GateA^rite Driver 


Y Read Driver/VVrite Gate 


® 


X Read Gate/Write Driver 


X Read Driver/Write Gate 



Figure 2-13. X and Y Address Lines for Location 0000, 4-K Array 



The lines are connected, through the diode board and 
the bottom board, to the X read gate and write driver 
circuits. 

Odd-addressed X lines (Figure 2-13 inset) enter 
plane 1 at side A, go through every plane, loop back 
(by side C of the bottom board), and exit plane 1 at 
side A. 



The inhibit/ sense lines for a 4K array are 
shown in Figure 2-14. The lines for plane 1 
(bit and 2) connect to bottom board terminals 
at side C; alternate planes connect to sides A 
and C. The bottom board connects the lines to 
the inhibit/sense cards through the land patterns 
and connector blocks (SD012). 
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Figure 2-14. Inhibit/Sense Lines for Bit and 2, 4-K Array 



Drive Current Generation — 4 usee Storage 

• Gate and driver circuits direct the drive current 
through the array, 

• The current control circuit provides a constant 
current (current sink) for the array. 

• A temperature compensated voltage reference 
is applied to the current control circuit. 

The direction in which the half -select current flows 
in the X and Y address drive -lines is controlled by 
the driver and gate circuits. These circuits are 



conditioned by timing, for read and write positions 
of the cycles, and by the address lines. The block 
diagram of the 4-yLsec core storage (SDOll) shows 
the read and write drivers and gates controlled by 
the M register lines. Timing control is imple- 
mented through the current control block at the top 
of the diagram. 

SD042 shows more detail of the drive line 
circuits. Looking at the one X drive line shown, 
note that address lines 3, 4, and 5 condition eight 
decode circuits. One decode circuit (decode 000 is 
shown) conditions both an X write gate circuit and an 
X read driver circuit. During read time, X read 
driver control will further condition the X read driver 
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to allow current to flow through the read driver to 
the X read sink. This X read driver activates a 
group of eight X lines. 

One of the eight active lines is also activated at 
the other end of the array by an X read gate circuit. 
The read gate is conditioned by a decode of address 
lines 6, 7, and 8 (decode 111 is shown). The read 
gate is further conditioned by X read gate control 
and current is allowed to flow from the 8.3 volt 
source through the X drive line. This read gate 
activates one line in each group of eight but only one 
line is activated at both ends. 

During write time, the same address decodes 
are still conditioned (the address lines do not change 
between read and write time). The X read driver 
control is no longer active; the X write gate control 
becomes active and conditions the X write gate to 
activate the same group of eight lines. At the other 
end of the array, the X write driver is conditioned 
by the same address decode and by X write driver 
control to allow current to flow to the X write sink. 
Half -select current now flows in the same line as 
during read time but in the opposite direction. 

SD043 shows still more detail of the driver and 
gate circuits. In this diagram, read current flow 
is shown by the heavy lines. The controlling cir- 
cuits, identified by broken lines, must be conduct- 
ing to activate the read gate and read driver circuits. 

When the read or write timing pulses are not 
conditioning the control circuits (quiescent state), 
current flow is in the driver control and gate control 
circuits only. The center transistors of these two 
circuits are forward biased by the 1. 4 volts at their 
bases; the only current flow is through these tran- 
sistors. 

The read gate circuit conducts when all the 
address -line (low -order bits) inputs are positive and 
the read gate control circuit is conditioned by the 
read -timing inputs. 

The read driver circuit conducts when all the 
address -line (high-order bits) inputs, located in the 
write gate portion of the diagram, are positive and 
the read driver control circuit is conditioned by the 
read -timing inputs. 

The current in the read gate control circuit 
places a bias on the emitter of the center transistors 
of the driver control and gate control circuits, 
cutting them off. 

Half -select current is now flowing through the 
selected X and Y drive lines in a direction to flip the 
cores from the "one" state to the "zero" state or 
"read" the addressed position of core storage. 



The circuits return to the inactive state, current 
flows in the gate control and driver control circuits 
only, after the read timing pulses fall. When the 
write timing pulses rise, current is switched to the 
write gate and write driver circuits and therefore 
flows through the array in the same drive line but 
in the opposite direction. This X and Y half -select 
current causes the selected cores to flip to the "one" 
state, thus writing into the addressed position of 
core storage. 

The V-Reference voltage applied to the current 
control circuit is temperature compensated, causing 
the X-Y drive current to track along its optimum 
value over a specified temperature range. 

Drive Current Generation — 2 usee Storage 

• Gate and driver circuits direct the drive current 
through the array. 

• The read source circuit provides a constant 
current for the array during the read cycle. 

• The write sink circuit provides a constant 
current for the array during the write cycle. 

• A temperature compensated voltage reference 
is applied to both the read source and write 
sink circuits. 

As in the 4-)Lisec core storage, the direction in 
which the half -select current flows in the X and Y 
address line is controlled by the driver and gate 
circuits. These circuits are conditioned by timing, 
for read and write portions of the cycle, and by 
address lines. 

Comparison of the 4-jLisec addressing diagrams 
with the 2-fjisec storage addressing diagrams (SA041 
and SA042) shows two basic differences. 

The driver and gate circuit locations are re- 
versed; that is, where the 4-iLjisec storage uses 
the Y write gate, the 2 -/usee storage uses the Y 
read gate. The other basic difference that can be 
seen in these diagrams is the current source and 
sink. The 4-jusec storage current flow (convention- 
al current flow, pos. to neg. ) is from a +8. 5V to 
the array current sink (-3V) for both read and write 
currents. The 2-)Ltsec storage read current flow 
is from the read source to -15V and the write 
current flow is from ground to the write sink. 

SA043 is a detailed diagram of the 2-jusec stor- 
age drive circuits. Conventional current flow for 
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the read portion of the cycle is from the read source 
circuit (+12V), under control of read timing signals, 
through the read gate circuit that is selected by a 
decode of the address lines. The current flows 
through an isolation diode and the drive line that is 
connected to the active read driver at the other end 
of the array. The read driver is conditioned by a 
decode of the address lines and by a read timing 
pulse. The current flow is through the driver to -15 
volts. 

Write current flow is from ground, through the 
active write gate - activated by write timing pulse 
and an address decode. Current flows through the 
array line that is in the group of lines connected to 
the active write driver. Current flows through the 
write driver, activated by write timing pulses and 
an address decode, to the write sink circuit and -15V. 

The current magnitude is controlled by a tem- 
perature controlled reference voltage, (V Ref) that is 
applied to both the read source and write sink circuits. 

The array termination, consisting of a resistor 
at the common of each group of isolation diodes, 
provides a characteristic impedance to the array 
lines. These circuits absorb the discharge pulse 
from the non-selected array lines and any reflected 
waves that build up on the lines. 

Inhibit/Sense - 4 usee Storage 



Inhibit Driver 

SD051 shows the 4-jLtsec storage inhibit/sense 
circuits; SD051 shows some of the timing pulses of 
these circuits. The inhibit driver has two outputs 
that drive a center-tapped winding. Each output 
supplies approximately 200 ma of inhibit current. 
Data from the CPU B-register is gated to the inhibit 
drivers by a storage timing pulse. When the inhibit 
driver is conducting, inhibit current prevents the 
writing of a "one" in the selected core storage 
location. 

Sense Amplifier 

The sense amplifier has a differential input and a 
single-ended output. The sense control voltage 
determines the sensitivity of the amplifier and 
compensates for voltage supply and temperature 
variations. The first stage of this three stage 
amplifier is deactivated during the write cycle by 
the emitter -strobe pulse. 

The first stage is kept out of saturation by a 0. 7 
volt offset voltage that is applied to the second stage. 
During the read cycle, the output of the second 
stage is gated to the final stage by the sense strobe. 
When a "one" is sensed, the output of the final stage 
is a negative pulse. 



• The inhibit/sense winding is common to every 
core in one plane in the 4K array; common to 
every core in one -half of one plane in the 8K 
array. 

• During read time, the inhibit/sense windings c 
conduct pulses, caused by the "flipping" of 
selected cores, to the sense amplifier circuits. 

• During write time, the inhibit/sense winding 
carries inhibit current to prevent the "flipping" 
of selected cores. 



Inhibit/Sense - 2 usee Storage 

• The 4- and 2-jLisec storage inhibit/sense wind- 
ings serve the same purpose, as described 

in the magnetic core theory section of this 
chapter. 

• The connections on the array are different for 
the two units as shown in SA/SD061. 

• The 2-|nsec storage inhibit/sense circuits are 
shown in SA051. 



Each inhibit/sense winding passes through 4096 cores 
of one plane. The 8K array has two inhibit/sense 
windings per bit -plane; the 4K array has one per 
bit -plane. Figure 2-12 shows the inhibit/sense 
scheme for the 8K array. Figure 2-14 shows the 
inhibit/sense scheme for the 4K array. 

The functions of the inhibit/sense winding are 
explained in the Magnetic Core Theory section of 
this chapter. 



Inhibit Driver 

Three inputs condition the inhibit drivers, as follows: 
data, timing, and an address line. The data inputs 
are the Not lines from the B register that allow in- 
hibit current to flow in the bit planes in which a "one" 
bit is not to be written. The timing input is the in- 
hibit time pulse, described in the Timing section 
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that follows. The address line is the M -register - 
bit -3 line that separates inhibit drivers into less 
than 4K and greater than 4K circuits. 

The inhibit driver output attaches to the inhibit/ 
sense lines at the center point of 4096 cores. The 
two end-points of these lines connect to ground. 
Each inhibit circuit provides control for one bit- 
plane in a 4K array or for one-half a bit -plane 
(<4K or>4K) in an 8K array. 

Inhibit current flow is from ground, through 
2048 cores, through the inhibit driver that is con- 
ditioned, to -V Inhibit (V^). Vz is a temperature 
responsive voltage that ranges from -9 to -12 volts. 

Sense Amplifier 

As in the 4 -/usee storage, the 2-)Ltsec storage 
sense amplifier has a differential input from the 
two ends of the inhibit/sense line for 4096 cores. 
The center point of this line connects to the 
corresponding inhibit driver. 

The first stage collectors contain a transformer 
circuit that eliminates any dc unbalance to provide 
an equal detection-threshold for both polarities of 
signal. This stage does not require the emitter 
strobe that the 4-jLisec sense amplifier requires. 
The 0. 8 volts at the emitter of the second stage 
keeps the first stage out of saturation. 

The sense-strobe pulse gates the output of the 
second stage to the final stage. A negative pulse 
output of the final stage results when a "one" bit 
pulse is conducted from the array to the sense am- 
plifier input. 

Timing — 4-usec Storage 

• SD031 shows the timing pulses for the four- 
/xsec storage. 

• X read gates and drivers are conditioned at TO 
time for a duration of approximately one ^sec. 

• X write gates and drivers are conditioned at T4 
time for a duration of approximately one //sec. 

• The conditioning of Y read and write gates and 
drivers is delayed to allow X drive line noise to 
subside. 

• 4-ptsec storage timing-pulse generation is 
initiated by the transition of the CPU read/write 
cycle. 

Figure 2-15 represents the 4-jLisec storage "clock" 
and timiQg circuits. The CPU provides the following 



signals to the storage timing circuits: read cycle, 
write cycle, storage select, and the M-reg-3 address 
line. The following timing pulses are generated by 
the "clock" circuit: long time, short time, and 
strobe. Combinations of the CPU signals and the 
generated timing pulses provide read and write gate 
and driver control, strobe pulses for less than and 
greater than 4K, emitter, strobe pulse, and inhibit 
pulses for less than and greater than 4K. 

Note in the timing chart (SD031) that Y write 
current and Y read current rise after X read cur- 
rent and X write current. 

The delay of the Y currents minimizes the effect 
of excess noise at the rise of the X current pulse. 
This noise is caused by the discharge of array 
capacitance. 

4-usec Storage C/oc/< (Figure 2-15} 

• A time delay "clock" circuit develops the 
necessary timing pulses for addressing, reading 
from, and writing into core storage. 

• Long time: a time delay circuit provides a 
1-jusec pulse at TO (read cycle) and at T4 
(write cycle). 

• Short time: a latch provides a pulse that begins 
after the rise of long time and ends with the 
fall of long time. 

• Strobe: a single shot, activated by short time, 
provides a pulse that is ANDed with read cycle 
and an address line. 

• Inhibit time: long time and write cycle are 
ANDed to develop inhibit time. 

Time Delay Circuit (Figure 2-16). Read cycle and 
write cycle are connected to opposite ends of a 1 
/isec delay line. The low resistance of the delay line 
causes the levels at the inputs (points 1 and 2) to 
balance. For example, if read cycle is volts and 
write cycle is +3 volts, points 1 and 2 balance at 
+1.5 volts. 

When read cycle and write cycle change levels 
(at TO and T4 time), the input points reflect the 
respective levels for 1 /itsec then balance again. 
The same effect is evident at the taps (points 3 and 
4) except for a shorter duration. 

Timing — 2 usee Storage 

• SA031 shows the timing pulses for the 2-/xsec 
storage. 
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• WZ20100 shows the 2-/xsec storage '^clock" and 
pulse generation circuits. 

« X read gates and drivers are conditioned at TO 
time for approximately 750 nsec. 

• X write gates and drivers are conditioned at T4 
time for approximately 750 nsec. 

9 Y read drivers and write gates are conditioned 
at the same time as the X drivers and gates. 

d The conditioning of Y read gates and write 

drivers is delayed 100 nsec after the X drivers 
and gates to allow X drive line noise to subside. 

The 2-)Lisec "clock" consists of a time delay cir- 
cuit three latches, and two single-shots. The 
timing pulse generation is initiated by the storage - 
select pulse from the CPU. Storage -select, which 
is a 100-nsec pulse at TO and T4 or XO and X4, 
turns on the long-time latch and the inhibit -time 
latch. Storage -select is also connected to the 
input of a time delay circuit for the following; the 
100-nsec delayed output turns on the short -time 
latch, the 600-nsec output turns off long-time and 
short -time, and the 650-nsec output turns off 
inhibit -time. 

The timing chart shows theoretical and actual 
timing for each signal. It shows long time coming 
up soon after TO time, falling at the 750-nsec 
point, rising again soon after T4 time, and 
falling 750 nsec later. The inhibit -time latch is 
turned on at the same time that long-time is but 
the timing shown is inhibit -timing, after it has 
been ANDed with write cycle. 

Short -time rises 100 nsec after long-time and 
falls at the same time. Strobe is a 330-nsec pulse 
generated by two single -shots that are started by 
short -time. 

Long-time and short-time are ANDed, in 
various combinations, with read-cycle and write- 
cycle to produce X and Y gate/driver timing. 
The X read and write gate and driver circuits are 
conditioned by long-time. The Y read driver 
and write gate is also conditioned by long-time; 
but, the Y read gate and write driver are con- 
ditioned by short-time. 

Strobe is ANDed with not -inhibit -timing and 
address -register -bit -3 to produce sense -strobe - 
8K; not -address-register-bit -3 is used to produce 
sense -strobe -4K. 

In the timing chart (SA031), the Y current (low 
order end) shows a pulse at TO and T4 time. This 
pulse is present, due to the initial charging of array 



capacitance, although the Y line is not conditioned 
at the other end at this time. The Y read current 
(high order end) and Y write current (high order 
end) begins at short time, when both ends of the 
line are conditioned. 

Inhibit -time is ANDed with write-cycle to 
produce inhibit -timing, shown in the timing 
chart. Inhibit -timing is ANDed with the data 
lines and address -register -bit -3 or not -address- 
register -bit -3 (not shown in the diagram) to activate 
the inhibit drivers for less than and greater than 4K. 

CHANNEL CONTROL 

• Consists of four major areas: 

1. Basic channel circuits. 

2. Interrupt circuits. 

3. Data channel circuits. 

4. Interval timer circuits. 

® Provides a means of controlling I/O devices 
attached to the 1800 system. 

• Provides direct access to core storage (cycle 
stealing) for the higher speed I/O devices. 

® Provides interrupt and interval timer 
capabilities. 

There are two methods of transferring data to or 
from the processor -controller. Direct program 
control is a method in which each data word transfer 
requires an individual Execute I/O instruction. The 
interrupt circuits implement this method. 

Cycle stealing is a method in which the device, 
when ready to transfer data, takes one processor - 
controller cycle to access core storage. Data 
channel circuits control this operation. 

Basic Channel Circuits 



® Decode lOCC function code and control channel 
data flow accordingly. 

9 Provide timing pulses for channel operations. 

I/O operations are initiated by an XIO instruction 
that references an Input/Output Control Command 
(lOCC). The XIO instruction reads the lOCC control 
word from core storage and places it on the out bus. 
The basic channel control circuits decode the 
function code for all I/O commands and control the 
channel operation for direct -program-control 



1800 P-C FETO (2/70) 2-23 



commands. Figure 2-17 shows the data flow in the 
basic channel circuits. 

Function Register 

• Stores the three-bit function code received from 
the B register via the channel data bus. 

• Decoded output controls the I/O operation. 

Three flip-flops are set by B register bits 5, 6, and 
7 gated by XIO control cycle at T5 or X5 time. The 
reset occurs at the end of the data cycle. The out- 
put is decoded by seven AND circuits as follows: 



Function Register 


Decoded Function 


Position 




5 6 
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Write 
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Read 
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Sense Interrupt 
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Control 
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Initialize Write 


1 1 





Initialize Read 


1 1 


1 


Sense Device 



Basic Cliannel Timing 

• Execution of the XIO instruction consists of 
control and data cycles. 

• The control cycle flip-flop is on during the first 
E cycle to designate the control cycle. 

• The data cycle flip-flop is on during the second 
E cycle of all I/O operations except the read 
and write commands; for these two commands, 
it is on during the third cycle. 

• Three timing pulses are sent to the I/O device 
adapters: time pulse -A, -B, and -C. 

All I/O commands require a control cycle to trans- 
fer the lOCC control word to the I/O adapters. 
Control, sense interrupt, and sense device com- 
mands transfer control or sense data on the second 
E cycle (designated the data cycle). Read and write 
commands use the second E cycle to read the lOCC 
address word from core storage and load it into the 
accumulator to address core storage for the data 
word. The third E cycle of the read and write com- 
mands transfers the data word and is therefore 
designated the data cycle. 



The initialize read and initialize write commands 
read the lOCC address word from core storage and 
load it into the channel address register during the 
E2 (data) cycleo Data is transferred during cycle 
steal cycles for these two commands. 

CONTROL AND DATA CYCLES: XIO control and 
XIO data cycles are designated by two flip-flops 
(Figure 2-18). The control cycle flip-flop is turned 
on at the beginning of the first E cycle of any XIO 
operation. It is reset at T7 of the same cycle. Its 
output conditions channel and I/O adapter circuits 
during the control cycle. 

The data cycle flip-flop operation varies with 
the I/O command function, decoded during the con- 
trol cycle. If the function is a command other than 
read or write, the data cycle flip-flop is turned on 
at TO of the E2 cycle. The turn-on is conditioned 
by El cycle but the shift pulse (TO) is not available 
in time for this cycle (see multi-input trigger, 
Appendix A) . 

If the function is read or write, the data cycle 
flip-flop is conditioned by E2 cycle and the shift in- 
put is TO. The flip-flop is therefore turned on at 
TO time of the E3 cycle. It is reset at T7 time. 

The data cycle flip-flop output (XIO data cycle) 
conditions circuits in the channel and in the I/O 
adapters during the data cycle. 

CHANNEL TIMING PULSES: Three timing pulses 
are generated in the channel control circuits. The 
I/O adapters use these timing pulses to synchronize 
the device operation with the processor-controller 
operation. These pulses, time pulse -A, -B, and 
-C, are generated by three flip-flops (Figure 2-19) 
that are controlled by the processor-controller (T) 
clock and the channel (X) clock pulses. 

Time Pulse A and Time Pulse B flip-flops are 
turned on by the same line, Tl, T3, XI, X3. The 
pulse on this line occurs at two times in each cycle. 
Only the pulse at Tl or XI affects the Time Pulse A 
flip-flop; it is already on when the second pulse, T3 
or X3, occurs. 

The time pulse B flip-flop input is further con- 
ditioned by the on status of time pulse A. Time 
pulse B is therefore turned on at T3 or X3 time. 

The turn-off of both time pulse A and time pulse 
B are conditioned by the same line, T5, T7, X5, X7. 
Time pulse B turn-off is further conditioned by the 
off condition of time pulse A. 

The time pulse C flip-flop is operated in a binary 
fashion from T clock and X clock pulses 0, 2, 
4, and 6. It turns on at time, off at 2, on at 
4, and off at 6. 
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Figure 2-18. XIO Data and XIO Control Cycle Generation 



Note: XI and Tl are doubled in duration when 
operating with an 1803. Refer to *X Clock 
Delay* (CR241) and »T1 Delay' (CC041). 

Interrupt Circuits 

• The interrupt circuits detect the interrupt con- 
dition, and initiate the interrupt sequence. 

• The interrupt polling circuits determine when 
an interrupt can be detected. 

• The interrupt register stores the interrupt 
level until servicing is completed. 

• The interrupt controls generate the interrupt 
BSI instruction and address. 

• CS50100 is a simplified logic diagram of inter- 
rupt operation; CS60101 is a flow chart of the 
Interrupt BSI instruction; CS70101 is a timing 
chart of the interrupt sequence. 

Interrupting conditions in the I/O devices are as- 
signed to interrupt levels according to customer 
requirements (CS50100, Sheet 1, C3). Because there 



are 27 interrupt levels and only 16 in-bus lines to 
conduct the interrupt requests to the processor- 
controller, these lines must be shared. This is ac- 
complished by gating internal level and levels 
through 13 onto the in bus (CS50100, Sheet 1, D3) 
at one time and levels 14 through 23, trace, and CE 
onto the in bus at another time. 

Interrupting conditions can occur at any time 
relative to the processor -controller program. 
Therefore, interrupt requests must be gated onto 
the in-bus lines when these lines are not being used 
for data transfer. This interrupt request gating is 
called interrupt polling. 

Interrupt polling in the 1800 system is accom- 
plished by means of two polling signals, interrupt 
poll level through 13 and interrupt poll level 14 
through 23. These signals are generated by the 
interrupt polling circuits at Tl and T5 time and are 
gated to the I/O devices via two unique lines in the 
channel cables (CS50100, Sheet 1, A5). In the l/O 
device adapter these polling signals gate the inter- 
rupt request from the adapter to the interrupt cir- 
cuits in the processor-controller via the in-bus 
(Figure 2-20). Whenever an interrupt condition is 
detected in an I/O device, the interrupt request 
from the adapter sets the associated interrupt-level 
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Figure 2-20. Interrupt Circuits - Block Diagram 



flip-flop in the interrupt register (CS50100, sheet 1, 
B5). The interrupt level flip-flops can be masked 
(CS50100, sheet 1, C4) by instruction from the P-C. 
When an interrupt level flip-flop has been masked by 
the P-C, the interrupt request from the associated 
device cannot set the interrupt level flip-flop, and 
no interrupts are generated for that device. 

Whenever an interrupt is detected, and the 
interrupt-level flip-flop is set, the interrupt-request 
line is activated to the interrupt controls. This line 
generates the any -interrupt line (CSS 0100, sheet 2, 
D3) to the interrupt polling circuits, and inhibits 
interrupt polling (CS50100, sheet 1, A2). On com- 
pletion of the instruction in which the interrupt was 
detected, the interrupt controls generate the BSI 
instruction (CS50100, sheet 2, D4). This instruc- 
tion is wired into the machine and generated auto- 
matically on detection of an interrupt. The interrupt 
BSI instruction is a BSI, long, indirect instruction, 
with three peculiarities. 

These are: 

1. The instruction is generated by circuits within 
the interrupt controls and therefore access to 
core storage is not required during the II cycle. 



2, The address is also determined by circuits 
within the interrupt control and interrupt register, 
and does not require the accessing of core stor- 
age during the 12 cycle. 

3. The instruction register is not incremented 
during the II or 12 cycle. 

Interrupt Polling Circuits 

• Consist of two flip-flops, polling and gate poll 
(CS50102, A6 and E6). 

• DC reset turns the gate -poll flip-flop off and 
sets the polling flip-flop to poll B (interrupt 
levels 14-23). 

• Polling occurs only if gate-poll is on. 

• Interrupts are polled at Tl and T5 time during 
most instructions. During an II cycle, polling 
occurs at T5 only. 

• Interrupts continue to be polled during a wait 
instruction. 
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• Polling is inhibited during: 
XIO or BSI instructions ; 
load, display, or IPL mode; 
clear storage operation. 

The gate-poll flip-flop conditions the poll-interrupt 
level lines to the I/O devices, and the poll A/B flip- 
flop determines which interrupt levels are to be 
polled. Following a dc reset the polling sequence 
is: interrupt levels through 13 polled from Tl 
to T5 and sampled at T5; interrupt levels 14 through 
23 polled from T5 to Tl and sampled at Tl. The 
gate poll and poll A/B flip-flops (CS50102, E6 
and A6) are set on at Tl after a dc reset. Poll A 
(gate for through 13) is effective when the poll 
A/B flip-flop is on. When the poll A/B flip-flop 
changes to off, the set interrupt level through 13 
pulse ANDS with any bits present on the in bus to 
turn on the corresponding interrupt level flip-flop 
(CS50101). An interrupt can not be set if it is 
masked. Any interrupt turns off the gate poll flip- 
flop, maintaining the status of the poll A/B flip- 
flop and preventing interrupt polling. An interrupt 
request timing chart is shown on CS70101. 

Interrupt polling is inhibited by several condi- 
tions : an XIO instruction or a BSI instruction and by 
the display load, or initial program load modes, and 
also by the clear storage operation. At these times, 
the gate-poll flip-flop (CS50102,E6) remains off. 
An exception to this is the XIO and BSI instructions 
during which the gate-poll flip-flop is reset at T4 
time. Polling is also inhibited in the second half 
of the BSC instruction if a branch out occurs (D2). 
This condition occurs at T4 time and inhibits the 
second poll during that instruction. 

The wait instruction requires a special polling 
sequence, because the T and X clocks are not run- 
ning (stopped at T7, X7). In this case, the 4-jLtsec- 
timer-clock signal (B4) provides the shift to turn on 
the gate -poll flip-flop and to complement the poll 
flip-flop. This shift occurs every 8-]Ltsec in the 2- 
pisec system and every 16-jLtsec in the 4-jLtsec sys- 
tem. 

There are five conditions which reset the gate- 
poll flip-flop: DC reset, a shift count of at TO 
time, an XIO, Interrupt Level CE Active, or a BSI 
operation at T4 time. If an interrupt has been 
detected, the gate-poll flip-flop will be reset at T2 
time or at T5 time after request-interrupt-level 
is activated. 



Interrupt Register 

• Consists of: 

Mask flip-flops 
Interrupt level flip-flops 
Interrupt level request flip-flops 
Priority AND circuits 

• Interrupt levels through 23 are masked 
following a dc reset. 

9 The interrupt -level and interrupt -request flip- 
flops are turned off by dc reset. 

9 The mask flip-flops are individually set by an 
XIO control instruction with the mask register 
selected. 

• laterrupt levels through 23 can be programmed 
with an XIO control instruction with the interrupt 
level register selected. 

The interrupt register provides a means of storing 
interrupts until servicing has been completed, de- 
termines interrupt priority, aad permits inhibiting 
interrupts. The interrupt register consists of 27 
interrupt -level and interrupt-level -request flip-flops, 
and 24 mask flip-flops. Three interrupt levels cannot 
be masked, interrupt level check (internal), interrupt 
level trace, and interrupt level CE. The only way in 
which interrupt level internal, trace, or CE can be 
inhibited is by turning on the disable interrupt switch 
(CS50101, C7). This switch inhibits all interrupts in 
the 1800 system. 

The disable interrupt switch effectively delays 
the interrupts. The interrupting indicators in the 
I/O adapters remain active unless they are reset by 
a sense -device command. When the disable inter- 
rupt switch is turned off, all the active interrupt re- 
quests are gated to the interrupt circuits by their 
respective polling pulse. 

The dc reset line performs the following 
functions in the interrupt register: 

Mask flip-flops through 23 are set on. 
The interrupt -level flip-flops and the inter- 
rupt -level -request flip-flops are turned off. 

Following a dc reset, all interrupt levels (except 
check, trace, and CE) are masked by the mask 
flip-flops and must be enabled with an XIO control 
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instruction. This instruction selects the interrupt 
mask register, clearing all mask flip-flops, and then 
sets individual mask flip-flopso 

The primary difference between the interrupt 
mask and the disable interrupt switch is that the in- 
terrupt mask is set to inhibit any corresponding 
interrupt from setting the interrupt-level and re- 
quest flip-flops. The disable interrupt switch pre- 
vents the level flip-flop from setting the level-request 
flip -flop. Interrupts from the I/O device s are record- 
ed by the level flip-flops, but the interrupts are not 
serviced at this time since the request flip-flop is 
not set. If an interrupt has been masked with a mask 
flip-flop, the level flip-flop is not set and no record 
of the interrupt is made in the CPU. The interrupting 
indicator in the device adapter may remain active. 

The interrupt -level flip-flops are set at the end 
of each polling sequence (T5 and Tl time) if an inter- 
rupt has been detected in an I/O device. The interrupt 
request from the device and the set -interrupt pulse 
generated by the fall of the polling signal turns on the 
interrupt -level flip-flop. Turning the interrupt -level 
flip-flop on generates the turn-on for the interrupt- 
level -request flip-flop. Unless the output of the 
interrupt -level -request flip-flop is inhibited by the 
disable -interrupt switch or an interrupt of a higher 
priority, the any-interrupt line is activated 
(CS50101). The interrupt-level-active circuit con- 
sists of an AND circuit conditioned by the interrupt- 
level flip-flop, the not-disable-interrupt line, and the 
not-any -higher -interrupt line. The priority sequence 
for the interrupts is check, 0, 1, 2, etc. through 23, 
trace, and CE. 

The interrupt level flip-flops can also be pro- 
grammed on. This is accomplished by the generation 
of an XIO control instruction with the interrupt level 
register selected and a special code. This sequence is 
called the program interrupt selected. This actually 
consists of two instructions. The two instructions 
are distinguished by the lOCC control word bit 15 = 
and bit 15 = 1. Bit 15 = enables setting interrupt 
levels through 13, and bit 15 = 1 enables setting 
interrupt levels 14 through 23 (CS50102, 02). This 
instruction forces the generation of the set -interrupt 
pulse at T5 time of the XIO data word cycle. Once 
the interrupt-level flip-flops are set by this instruc- 
tion the interrupt circuits perform as in a normal 
interrupt. 

The interrupt-level flip-flops alert the interrupt 
controls that an interrupt has been detected. The 
output of the level-request flip-flop is gated only 
when this particular interrupt is the highest level 
interrupt requesting service. The level flip-flop 
records the existence of an interrupt and the level- 
request flip-flop indicates that this is the highest 



level requiring service. If a lower level interrupt 
has also been set, this interrupt cannot generate an 
interrupt request until the higher level interrupts 
have been serviced. 

Interrupt Controls 

• Activated by the interrupt -level and level -request 
flip-flops from the interrupt registers. 

• Inhibit interrupt polling during an XIO or inter- 
rupt BSI instruction, 

• Generate a BSI instruction and address after 
detecting an interrupt. 

• Reset the level -request flip-flop on completion 
of the interrupt forced BSI instruction and re- 
set the interrupt-level flip-flop on completion 
of interrupt servicing (branch out). 

The interrupt controls (including the interrupt- 
request flip-flops) are activated by the highest level 
interrupt-level and its corresponding level request 
from the interrupt registers (CS50101). The genera- 
tion of the interrupt BSI instruction and address, and 
the interrupt level and level-request flip-flop resets 
are generated by the interrupt controls. The inter- 
rupt controls also inhibit the use of core storage, in- 
crement the instruction register, and generate 
interrupt polling. The interrupt controls consist of 
the interrupt request flip-flop and the required AND 
circuits which generate the timing pulses used in 
the generation of the interrupt BSI instruction. The 
interrupt-request flip-flop is set by any interrupt, 
a shift count of zero, and T7 B phase (CS50100, 
sheet 2, E3). 

Any-interrupt is generated by the interrupt 
registers at T5 or Tl time following the polling 
cycle. When an interrupt is detected, the interrupt 
registers are set at T5 or Tl time, and the interrupt 
request flip-flop is set at T7 B time (end of op- 
eration). If the interrupt registers are set at Tl 
time, the polling sequence ending at T5 time is in- 
hibited before the interrupt-request flip-flop Js set. 
When an interrupt request has been generated by the 
interrupt registers, interrupt polling is inhibited by 
the any-interrupt line (CS50102, A3). 

INTERRUPT REQUEST: The interrupt-request flip- 
flop is set at T7 B time of an end of operation follow- 
ing any interrupt (CS50103, B4). This flip-flop re- 
mains set imtil T7 time of the 12 cycle of the inter- 
rupt BSI instruction. The interrupt-request flip- 
flop generates the BSI instruction during the II cycle 
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and the indirect address for the BSI instruction 
during the 12 cycle (CS70101, Lines 10 and 11). 
The set-interrupt -BSI -operation and the gate -inter- 
rupt -address lines are generated immediately 
following the set of the interrupt -request flip-flop. 
These lines remain active throughout the II and 12 
cycles of the BSI instruction and enable the interrupt 
controls to generate the required bits for the inter- 
rupt BSI instruction and the interrupt address. 

INTERRUPT BSI INSTRUCTION: The interrupt BSI 
instruction is generated automatically by the pro- 
cessor-controller on detection of an interrupt 
(CS60101). Two different BSI instructions are gen- 
erated: the CE interrupt generates an operation 
code 440016 and all other interrupts generate an 
operation code 4480i6. Three cycles are required 
to generate and execute the CE BSI (II, 12, and El). 
When the BSI operation code is 4480]^g (not a CE 
interrupt) an lA cycle is required after the 12 cycle 
and before the El cycle. The interrupt BSI differs 
from a programmed BSI in that the interrupt BSI 
does not access core storage during the II and 12 
cycles or increment the I register. 

The interrupt BSI instruction is gated to the 
channel data bus at T7 B time. At TO time the 
channel data bus is gated to the B register. 

The generation of the operation code bits 
(4480]^3 or 4400-|^g) is controlled by the shift-counter- 
equals-zero line (end operation). If a bit is re- 
quired, the shift -count-equals -zero line is wired to 
that position. Bit position 8 has an additional con- 
dition (CE interrupt request- CT091) which inhibits 
the generation of this bit on a CE interrupt. 

At T5 time of the II cycle the shift counter is 
set to 1 (this is a normal function) deconditioning 
the BSI instruction bits and allowing the interrupt- 
request -level to generate the interrupt BSI address 
bits during the 12 cycle. Each interrupt level 
generates a unique address as determined by the 
interrupt address generator. The interrupt 
address uses bits 10 through 15 and always sets bits 
through 9 to zeros. Addresses 8^^ through 22]^g 
are reserved for this instruction. 

At T7 time of the 12 cycle the LA bit is checked. 
If this bit is a one, the lA-cycle flip-flop is set and 
a normal lA cycle is performed. When the lA bit is 
a zero the interrupt BSI is for a CE interrupt and the 
E and El-cycle flip-flops are set. 

Setting the lA -cycle flip-flop resets the set 
interrupt BSI sample flip-latch at TO time and initi- 
ates an I A cycle. 

Following the lA cycle the interrupt BSI initiates 
a normal El cycle. This cycle stores the contents 
of the I register in the core storage location 



(effective address) specified by the lA cycle. At T3 
time the M register is transferred to the I register 
where the effective address is incremented by one 
(EA+1). The El cycle is terminated at T7 time by 
an end-operation pulse. At TO time (following the 
end operation) the I register is transferred to the M 
register and the first instruction of the interrupt 
routine is addressed. 

The CE interrupt stores the contents of the in- 
struction register at core storage location 000 A^g 
in main core storage and branches to location 0001 
in main storage or in auxiliary storage, depending 
on the position of the interrupt to aux/main switch. 
The branching is accomplished by resetting, then 
incrementing the I register. 

Data Channel 

© Provides a direct access to core storage for 
high speed I/O devices. 

• Requires a single machine cycle to transfer a 

data word between core storage and an I/O device. 

® Does not disturb the contents of, or require the 
use of, internal CPU registers other than the 
core storage buffer register. 

m Must be initialized by an XIO instruction, 
initialize write or initialize read. 

9 Consists of priority controls, channel address 
registers and buffer, and cycle steal controls. 

® Data channel addressing and data flow is shown 
on CQ40100. 

High-speed l/O devices, such as magnetic tape units 
and disk stor^e units are able to control the trans- 
mission of data to and from core storage on a "cycle - 
stealing" basis. The registers, data paths, and 
control required for this function are called a data 
channel. 

The operation of a data channel is initiated by 
the execution of an XIO instruction which references 
an I/O control command (lOCC) having a function of 
initialize write or initialize read. Once started, the 
data channel has the responsibility for controlling 
the quantity and destination of all data transmitted 
between core storage and the attached I/O device. 
Because of the independent operation of the data 
channel, large blocks of data can be transferred be- 
tween core storage and an I/O device while many 
program instructions are performed between I/O 
control commands. 
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Since the P-C and data channel share core stor- 
age, the execution of the main -line program is 
automatically suspended for a minimum of one cycle 
each time the data channel is activated by a cycle 
steal request. Once the data channel takes control 
of the P-C, the data channel operation must be 
completed before control reverts to the P-C. The 
operation of the data channel does not interfere with 
data contained in the internal P-C registers since 
the data channel contains its own address registers 
and word counters, and has direct access to the core 
storage buffer register. 

A maximum of 15 data channels are available 
with the 1800 system. Since all data channels share 
the data channel controls, a priority system is re- 
quired to prevent multiple data channels from 
accessing core storage simultaneously. The priority 
of a device is assigned by the user, and is not 
programmed. 

Data channel operations are initialized with an 
XIO instruction. The first cycle steal request from 
any data channel reads the word count and scan con- 
trol bits for that data channel from core storage 
and transfers this information to the word count 
register (WCR) and the scan control register (SCR) 
in the device adapter. The word count and scan 
control bits are contained in a single 16 -bit word 
(Figure 2-21). 

The ability to chain in a continuous scan of the 
same or several different tables is a function of the 
individual device. A device need not have the 
chaining function in order to interrupt at the con- 
clusion of the data transmission in the table. 

The device requests references to core storage 
at a rate depending upon its requirements and in- 
dependently of program execution. The cycle steal. 



Scan 
Control 

Bit Bit 1 




Word Count 
I I I I I I I I I I 



Single scan and stop with an 
interrupt at the end of the data 
table. 

Single scan and stop with no 
interrupt. 

Continuous scan (chaining) with 
an interrupt at the end of this 
data table. 

Continuous scan (chaining) with 
no interrupt. 
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Figure 2-2 1 . Data Channel Word Count Format 



in response to the request, utilizes the next avail- 
able core storage cycle and sends, through the 
data channel, the contents of the addressed location. 
During this cycle the address is incremented 
and the word count (if required) in the device adapter 
is decremented by one. 

The above sequence continues until the data 
channel makes the last core -storage reference of 
the current message. This last reference is sensed 
by the word count becoming zero during the cycle or 
through some indicator in the device. If the device 
does not have chaining ability, no more requests 
for core storage reference are made until the device 
is reinitialized. 

The following general description of chaining 
applies to devices other than the selector channel. 
(A description of chaining for the selector channel 
appears on FSIOIIO. ) 

For a device with chaining ability, another re- 
quest is made if a continuous scan is indicated by 
the scan control register. The data which comes 
from storage is the address of the next message. 
This address may be the starting address of the same 
data table or that of a new data table. Instead of 
incrementing the address, the data from core stor- 
age is loaded into the channel address register. 

The chaining control then requests the first 
word of the new message. This word must be the 
address of its own core storage location. This ad- 
dress is compared with the contents of the specified 
channel address register. If they are not equal, a 
CAR check (error) is indicated. The chaining con- 
trol requests a third cycle-steal cycle to read out the 
second word of the data table. This word contains a 
word count and two bits for scan control. The word 
count is loaded into the word count register and the 
two bit control field is stored in the scan control 
register for use at the end of the data table. E the 
word count as read from storage is zero, the 
operation is terminated immediately. 

The length of time between data transfer cycles 
in a chaining operation is a maximum of two P-C 
cycles for a device connected to cycle-steal priority 
zero, unless that device is a selector channel. (A 
description of chaining for the selector channel 
appears on FSIOIIO. ) The time for devices of lower 
cycle-steal priorities may be greater, depending on 
what other cycle-steal requests are active. 

Priority Controls 

• Prevent multiple data channels from addressing 
core storage simultaneously. 

• Consist of a flip-flop and channel address reg- 
ister control circuits for each cycle steal level. 
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• Cycle-steal level is highest in priority and 
level 14 is lowest in priority. 

When an I/O device requires a cycle-steal cycle, the 
cycle-steal-request level for that device is activated. 
The cycle -steal-request line sets the associated 
cycle-steal -priority flip-flop (CQ40120, B5, 1442) in 
the data channel and initiates the cycle-steal cycle. 
The following functions are gated by the priority 
circuits during a cycle-steal cycle: 

1. Channel address register (CQ40121, A7, level 0) 
is gated to channel address buffer (CQ40120, 
A8) and core storage by time pulses 7,0, and 

1 of the cycle- steal (X) clock. 

2. CAR is reset at X3 time (cycle -steal-control-0 
inactive and cycle -steal-control-1 active - 
Figure 2-22). This action occurs during load 
CAR cycles only. 

3. CAR is incremented at X4 time (cycle -steal- 
control-0 active, cycle -steal-control-1 inactive, 
and cycle-steal-control-2 active). 

The cycle -steal -request line is activated by the I/O 
device, indicating that the device requires" a data 
transfer. At the fall of T 6 or X6 time, the priority 
flip-flop is seto If a device of a higher priority is 
requesting service, the active line for the lower 
level request(s) is inhibited and the 0, 1, and 2 flip- 
flops are reset (off). The active level is returned 
to the requesting I/O device, via the wired logic and 
mixer board, as the cycle -steal -acknowledge signal 
to indicate that that device is controlling data chan- 
nel operations (Figure 2-23). The cycle-steal- 
acknowledge line also gates CAR to core storage and 
sets the any -cycle -steal latch in the cycle-steal 
controls. 
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Figure 2-22. Cycle-Steal Sequence Control 



Channel Address Registers and Buffer 

• Each data channel has a sixteen-bit channel 
address register (CAR) for storing the cycle- 
steal address. 

• Each cycle-steal cycle increments CAR. 

• CAR is initially loaded with the address 
portion of the lOCC word from core 
storage. 

• During a cycle steal-cycle, CAR is gated to 
CAB and core, storage at X7, 0, and 1 time. 

• CAR addresses core storage until channel 
address buffer (CAB) is loaded (XI). 



• CAB addresses core storage during the remainr* 
der of the cycle-steal cycle. 

• CAB is reset at X7 time. 

The function of the fifteen channel address registers 
for the data channel is similar to that of the I register 
for the CPU. The CAR is loaded from core storage 
when the data channel is initialized and incremented 
each time the data channel requests a cycle steal 
thereafter. During the CAR increment, CAR func- 
tions as a binary ring. The increment pulse 
complements bit position 15, turning off bit 15 com- 
plements bit position 14, and so on (Figure 2-24). 
The increment pulse occurs at X4 time of a cycle- 
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in the Mixer/Board. This permits any I/O device to be connected to any Cycle Steal level. 



Figure 2-23. Cycle Steal Acknowledge Generation (Basic System) 



steal cycle unless inhibited by the cycle-steal- 
control lines from the I/O device adapter. 

The channel address buffer is similar in func- 
tion to the M register in the CPU. The CAB is 
always loaded from CAR and provides the data 
channel with a direct access to the core storage 
address circuits (Figure 2-24). The purpose of CAB 
is to by -pass the core storage M register during a 
cycle-steal cycle and to hold the address while CAR 
is incremented. The CAB is set to the value of the 
selected CAR at XI time of a cycle-steal cycle and 
reset at X7 time. 



Cycle Steal Controls 

• Control the starting, stepping, and stopping 
of the cycle-steal (X) clock. 

• With the X clock, generates the sequence control 
lines which control all cycle-steal cycles. 

• A scan is made at the end of each T6 or X6 time 
to determine if a device requires a cycle-steal 
cycle. 
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Figure 2-24. Channel Address Register and Buffer 
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• A simplified diagram of the set-cycle-steal- 
request and X-clock-advance circuits is on 
CQ50101. 

At the conclusion of each machine cycle, the cycle- 
steal controls scan the cycle -steal -request lines 
from the I/O devices. If a request is detected, the 
appropriate cycle-steal-request flip-flop is set and 
th^ any -cycle -steal line is activated. 

The any -cycle -steal line stops the T clock 
advance at T7 time, starts the X clock, and inhibits 
the M register from addressing core storage. 

The set-cycle -steal -level line initiates all cycle- 
steal cycles in the data channel. This line is acti- 
vated at every clock 7 time (T7 or X7) except when 
in load, display, or IPL mode, or during the clear 
storage i^equence. At clock 6 time (T6 or X6), the 
cycle -steal -polling latch is turned on. The output of 
this latch conditions the gate input to the set-cycle- 
steal -level sample pulse driver (SPD). The shift 
input to the SPD is generated by ANDing the latch 
output with a phase A pulse (AND 5N). AND 5N pro- 
duces two pulses during clock 6 time. The second 
pulse fires the set -cycle-steal -level SPD, which 
initiates the cycle-steal scan. 



If a cycle -steal request is conditioned, the 
cycle-steal priority latch is set and the any-cycle- 
steal line is activated. This line inhibits the normal 
CPU storage cycle, and inhibits the T clock advance. 
Any -cycle -steal also starts the X clock and activates 
the cycle-steal -gate-storage-address line. The cycle- 
steal -gate -storage -address line and the gate-out-CAR 
line gate the contents of the channel address register 
to the storage address bus in the CPU, selecting the 
address for the cycle-steal data transfer. 

The oscillator phase-B pulse turns off the cycle- 
steal polling latch (AND IJ) and enables the following 
phase-A pulse to generate the X-clock-advance pulse. 

The X-clock-advance level fires the X-clock- 
advance SPD unless inhibited by the turn -on of the 
X-clock -delay flip-flop. The X-clock -delay flip -flop 
delays the stepping of the X clock for one clock time 
each time it is set. This delay extends the X7 time 
following the execution of an XIO operation (X7, X7, 
XO, XI, etc.) or, XI time during a timer cycle-steal 
cycle (X7, XO, XI, XI, X2, etc.). The X7 delay 
allows the l/O bus to settle following an XIO instruc- 
tion; the XI delay allows the input gating of the I 
register to settle before the B- to I-register transfer 
during a timer cycle-steal cycle. 
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At XI time the CAB is set with the contents of 
CAR. The CAB maintains the channel address on 
the storage address bus until X7 time. X2 time de- 
conditions the gate -out -CAR line and allows X4 time 
to increment CAR without changing the address on the 
storage address bus. 

At X6 time the cycle -steal -polling latch is set. 
The cycle -steal -request lines are scanned and the 
corresponding level flip-flops are set or reset 
(cycle -steal -request sets the flip-flop and not -cycle - 
steal-request resets the flip-flop). If a cycle-steal - 
request is not detected, the T clock is started at 7 
time and the X clock is stopped. 

The X clock which controls the data channel 
functions during a cycle -steal cycle is similar to 
the T clock in the CPU. The X and T clocks are 
interlocked so that both clocks cannot run con- 
currently. Whenever a cycle-steal request is de- 
tected, the data channel controls inhibit the T clock 
and start the X clock. 

The lines which control the set, increment, and 
reset of CAR are generated by the cycle -steal se- 
quence controls. These lines are also controlled 
by the I/O devices attached to the data channel. The 
I/O device also controls the generation of the CAR 
check. The CAR check compares the data on the 
channel data bus to the contents of CAR and generates 
a check signal if the data does not compare. The I/O 
device controls these lines by controlling the cycle 
steal control 0, 1, and 2 lines (CQ40121, F5). Fig- 
ure 2-25 lists these lines and their functions. 

Interval Timer Circuits 

o Three timers provide real-time information to 
the program. 

• They are stored in core storage locations 0004, 
0005, and 0006. 



Cycle Steal Control Line Codes 



Line 
1 2 



Action 



B-Reg- 

In Bus- 

B-Reg- 

In Bus- 

B-Reg- 

B-Reg- 
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B-Reg ► Out Bus 



-•►Out Bus 
-► B-Reg 
-►CAR 
-►CAR 
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-►Out Bus 



Incr CAR 
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_No-. 
No 
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No 
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Yes 



• Each timer has a permanent time base which 
can be selected by the customer from those 
listed in Figure 2-26. 

• The time bases are generated by dividing the 
P-C oscillator frequency by a binary counter. 

• The interval timer circuits consist of: 

An 18 -position binary counter (Timer Clock) 
Cycle -Steal Request Circuits 
Interrupt Request Circuits 
Timer Cycle Control 
Storage Addressing Circuits 

• The relationship and objectives of these circuits 
are shown on CR40101. A block diagram is 
shown on CR20101. A timing diagram is on 
CR70101. 

The timers can be started or stopped under program 
control. Once started they are automatically in- 
cremented one count at a time through the cycle 
stealing facility of the P-C. A count is added each 
time the assigned time base period is completed. 

If the interval -timer word is zero to begin 
with, it is incremented 65, 536 times before it 
contains all zeros again. In any case, when it 
is incremented to contain all zeros , an interrupt- 
request flip-flop is turned on for the respective timer 
and an interrupt is requested on the level assigned to 
the timers. (All three timers are on the same inter- 
rupt level, assigned by the user.) The timer contin- 
ues to operate after the zero value has been reached. 

The timers, once operating, continue to record 
time correctly when the P-C is in the Run or Trace 
mode. A Wait instruction may also be executed by 
the program without affecting the timer ^s ability to 
record time correctly. 

Timer Clock 

• Eighteen-position binary counter; continually 
stepped by the B-phase flip-flop. 
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Figure 2-25. Cycle Steal Control Lines 



Figure 2-26. Interval Timer Time Bases 
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• The counter is modified to provide a 0, 125 milli- 
second (2 /xsec P-C) or 0.25 millisecond (4-ju sec 
P-C) output at the ninth position. 

• The ninth through the eighteenth positions provide 
the clock output of multiples of 0. 125 milliseconds. 

The first position of the counter that is used as a 
timer output is the ninth position (Figure 2-27). In a 
normal binary counter, the output of the ninth 
position would be 128 ^sec in duration. The interval 
timer clock is a modified binary counter. The on 
output of the ninth position is connected back to turn 
on position three and four. The next time the second 
position goes off, both the third and fourth positions 
are turned off. This action effectively cuts three 
microseconds off the duration of the ninth position, 
making its output the desired 0. 125 milliseconds. 

Mask Flip-Flops 

• Three flip-flops (not labeled in ALDs): for 
Timers A, B, and C. 



• DC reset on. 

• Must be off to allow the first-cycle flip-flops to 
be turned on (CR40101). 

• Turned off by an XIO instruction with a control 
command. 

An XIO instruction, referencing an lOCC with a con- 
trol function and the interval timer selected, acti- 
vates the timer -control -function line at time pulse A 
time. The fall of this line, at T5 time, turns on, or 
off, the mask flip-flop. If the lOCC address-word 
bit = 1, the mask flip-flop for timer-A is turned off. 
If bit = 0, the timer-A mask flip-flop is turned on. 
Address-word bit 1 and 2 control timers B and C 
mask flip-flops. 

The off condition of the mask flip-flop allows the 
interval timer clock output to turn on the first cycle 
flip-flop to advance the timer. 

i First Cycle Flip-Flops 

• Three flip-flops: for timers A, B, and C. 
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Figure 2-27. Interval Timer Clock 
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• Turned on by the output of the timer clock at the 
specified interval if the corresponding mask 
flip-flop is off. 

• Turned off at X7 time or dc reset. 

• When on, conditions the turn -on of the corre- 
sponding cycle -steal -request and interrupt- 
request flip-flops. 

The turn-on input is wired to the assigned output of 
the timer clock. It is conditioned by the off con- 
dition of the corresponding mask flip-flop. When it 
is turned on by the clock reaching the assigned inter- 
val, the cycle-steal -request and the interrupt -request 
flip-flops are conditioned. 

The cycle -steal -request flip-flop initiates a 
cycle steal to advance the timer word in core storage. 
This advancement is accomplished by placing the 
interval -timer word in the I register, incrementing 
the I register, and placing the word back in core 
storage. It further conditions the interrupt -request 
flip-flop to be turned on when the timer word reaches 
zero, indicated by I register = 0. The cycle -steal - 
request flip-flop for each timer also generates a 
core storage address for the timer word. 

Operations Monitor 

• An independent device; does not use the interval 
timer or any P-C timing circuits. 

• Causes a contact to close when a preset time 
period is completed, 

• Completion of the timeout is normally pre- 
vented by execution of a program instruction. 

• A separately powered alarm or indicator may be 
operated by the contact closure. 



The monitor timing circuit is normally reset by 
an XIO instruction executed in the 1800, It is the 
user^s responsibility to ensure that this command is 
executed frequently enough in the program to prevent 
timeout during normal operation. If the reset com- 
mand is not given during the selected interval, timeout 
will occur and the alarm circuit will close. Timeout 
could be caused by computer hangup or any departure 
from the predicted instruction sequence in the program. 
A power failure will close the alarm circuit regardless 
of the position of the operations monitor toggle switch. 

To reset the timing circuit, an XIO instruction is 
executed with an area code of 0000, a function of 
control, a unit address of seven, and bit 15= 1. An 
indicator is available at the programmer^ s console 
to indicate an alarm condition. 

Functional Description 

The alarm indicator and the customer's alarm device 
operate when relay 20 drops (Figure 2-28). Relay 20 
is held energized by an amplifier that is operated by 
a special circuit. The special circuit includes a 
capacitor that charges through a resistor to + 12 volts. 
The amount of resistance, and therefore the charge 
time, is selected by the Operations Monitor rotary 
switch. If the capacitor charges to a "firing" level, 
relay 20 drops. Normally-closed points of relay 20 
light the alarm indicator and complete the customer' s 
alarm circuit. 

The Operations Monitor toggle switch in the OFF 
position prevents the charge of the capacitor and 
therefore disables the timer. When this switch is 
on, the XIO -control command must be executed to 
discharge the capacitor before the charge time 
elapses. 

A description of the Operations Monitor special 
circuit is in the Appendix. 

Channel Interface 



• Used to notify the process operation when the 

processor -controller is not executing a predicted 
sequence of instructions. 

The operations monitor is a basic device for the 1800, 
serviced by a unit address in area zero. The alarm 
device and its powering are furnished by the customer. 

The device has a time -period selector switch on 
the I/O monitor interface panel with a range of from 
5 seconds to 30 seconds in six equal steps. It is possi- 
ble for the operator to manually disable the operations 
monitor timing circuit by turning off the operations 
monitor toggle switch on the programmer's console. 



• All adapters in the 1800 system share a standard 
channel interface. 

• The channel interface consists of two or three 
sets of signal and control lines. 

The I/O channel interface is routed from the 
P-C channel control to each I/O adapter in suces- 
sion. The signals are carried on two or three I/O 
channels (1, 2, and 3) to the adapters. Channels 1 
and 2, which are standard, consist of three cables 
(A, B, and C) each, which are routed through the 
P-C internal adapters, the mixer board (H-gate), 
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Figure 2-28. Operations Monitor 



and to the external adapters. I/O channel 3 (ex- 
panded data channels) contains four cables (A, B, 
C, and D) and is routed to external adapters only. 

The A and B cables of each l/O channel contain 
signal (bus in and bus out) and control lines. 

The C cables contain control lines and cycle- 
steal request and acknowledge lines. Cable 10 con- 
tains OS request and acknowledge lines A through E; 
cable»^20 contains OS request and acknowledge lines 
F through K; cable 30 contains OS request and 
acknowledge lines L through Q. Oable 3D contains 
ten OS request and acknowledge lines to provide 
additional OS request and acknowledge lines to I/O 
channels 1 and 2 through mixing, and to supplement 
cable 30 when a Oommunications Adapter is in- 
stalled. 

OQ10116 shows the prescribed l/O cable routing 
sequence of cables 10, 20, 30, and 3D for systems 
with expanded data channels. In this diagram, an 
example of a OS request line in l/O channels 1 and 
2 is routed from the channel control personality 
wired terminals, through the internal adapters, the 
mixer board (H-gate) and the tailgate connectors to 
the external adapters. Oable 3D however, is routed 
from channel control to the F-gate. Normally cable 
3D will be terminated at the F-gate if a Oommunica- 
tions Adapter is not installed. The OS acknowledge 



lines will always be routed the same as the OS re- 
quest lines. For further information on data channel 
mixing and assignment wiring refer to BOIOI. 

Signal Cable Termination 

• All I/O interface lines must be terminated 
(CQ10111-OQ10116). 

• If no external (outside 1801/1802) adapters are 
installed, the I/O signal cables are terminated 
at the Ohannel Terminator and Mixer Panel 
(gate H and/ or gate F). 

• If external adapters are installed, the I/O signal 
cables are terminated at the last adapter board 
in the sequence. 

In the 1801 or 1802, the six cables terminate at the 
connector panel in gate H. If the system includes an 
1810, the channel interface continues from connectors 
lA, IB, and 10 in gate H to the adapter boards in the 
1810. If the system includes an 1826, the channel 
interface continues from connectors 2A, 2B, and 
20 in gate H to adapter boards in the 1826. At the 
last adapter in the 1810 or 1826, a terminator card 
is installed on each cable. If the system does not 
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include an 1810 or 1826, the terminator cards are 
installed at the cable connectors in gate H of the 
1801 or 1802. 

The terminator cards supply the +3V "off" level 
for each line in the interface. Because the "on" 
level of a line is represented by OV, the chain must 
be continuous from the channel control board to the 
terminator cards. If the terminator cards are in- 
stalled in an 1810 or an 1826, power must be on at 
that unit to supply the +3V terminating voltage. 

I/O Channel Interface Lines 

OUT BUS BITS 0-15: Transmit information (data, 
I/O device addresses, commands, control informa- 
tion) from the chaimel to the I/O adapters. 

IN BUS BITS 0-15: Transmit information (data, 
selected I/O device identification, status informa- 
tion, sense data, and interrupt requests) from the 
adapters to the channel. 

PARITY BITS 0-7 and 8-15: These two channel 
lines transfer parity bits both directions, to an 
adapter from the P-C or to the P-C from an adapter. 
Parity for bits 0-7 (lower or left) and parity for bits 
8-15 (upper or right) are generated at the B register 
(CC30101, B4) in the P-C or at the data register in 
an adapter, such as the 1442 (A5). When data is 
gated to the out bus, parity bits 0-7 and parity bits 
8-15 are gated to the channel. Likewise, when data 
is gated to the in bus, parity bits 0-7 and parity bits 
8-15 are gated to the P-C. 

When data is sent to the P-C, parity bits 0-7 
and parity bits 8-15 lines are exclusively ORed 
(C2) to set the parity bit flip-flop (D4) associated 
with the B register if an even number of data bits 
are to be stored in cores. The parity bit flip-flop 
receives a reset pulse if an odd number of bits are 
to be stored. 

From the data received, the adapter generates 
left and right parity. The adapter-generated parity 
bits are exclusive-ORed (A5) with those from the 
P-C. A discrepancy at either exclusive OR sets 
the 1442 parity check flip-flop (A9). 

If a bit is dropped during a data transfer to the 
1442 adapter, only the parity check flip-flop in the 
adapter is set. A programming routine initiates 
corrective action if the 1442 adapter parity check 
flip-flop is on. 

A bit dropped during a data transfer to the P-C 
from the 1442 adapter is recognized by setting the 
P-C parity error flip-flop (D7). This error con- 
dition is returned to set the adapter parity check 



flip-flop (A8) over the CAR check/parity error 
channel line. The P-C is stopped by a parity error 
if CHECK STOP is on. This is accomplished by 
resetting the run flip-flop to off (C7). 

CYCLE STEAL REQUEST A-E, F-K, and L-Q: 
These fifteen lines are used by the device to request 
a cycle-steal cycle from the processor-controller. 
The request must be removed from the line by X4 
time of the last desired consecutive cycle. Lines 
A-E are in the IC cable; lines F-K are in the 2C 
cable; lines L-Q are in the 3C cable. 

CYCLE STEAL ACKNOWLEDGE A-E, F-K, and 
L-Q: These fifteen lines are bidirectional. During 
the XIO data cycle, the adapter activates one of 
these lines to indicate the level to be used and there- 
by selects the channel address register to be loaded. 
When a cycle-steal request from an adapter can be 
serviced by the data chaimel (cycle -steal level flip- 
flop turned on), the channel activates the cycle -steal - 
acknowledge line to signal the adapter to proceed. 
Lines A-E are in the IC cable; lines F-K are in the 
2C cable; lines L-Q are in the 3C cable. 

CYCLE-STEAL CONTROL 0, 1, and 2: These 
three input lines condition channel circuits to per- 
form various functions depending upon the code of 
the three lines. See Figure 2-25 for listing of these 
codes. 

INTERRUPT POLL 0-13 and 14-23: These two 
lines are activated by the channel circuits to gate 
any interrupt requests onto the in bus. Polling 
occurs every cycle except when the in bus is being 
used for data transfer (XIO, cycle steal) and during 
part of the BSI instruction. 

IPL MODE : This line is used during the initial pro- 
gram load sequence • The Program Load key on the 
programmer's console activates this line. The P-C 
loads data from the IPL device into the core storage 
location specified by the I register (normally reset 
to 0000). Bit 15 on the channel data bus signals a 
request to store data. If bit 14 is activated at least 
250 nanoseconds (ns) before bit 15, the IPL line is 
deactivated. Channel data bus bits 14 and 15 lines 
are activated by the IPL device. The P-C then ex- 
ecutes the instruction at core location zero. 
CC50103 shows the use of this line. 

USE-METER GATE; This line indicates the status 
of the processor-controller to the I/O devices. The 
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line is activated by a 400 millisecond single-shot at 
Tl or XI of every cycle except an interval timer 
cycle -steal cycle. 

TIME PULSE A, B, and C: These three lines are 
generated by the processor-controller (T) clock and 
the channel (X) clock (CPlll). The lines are used 
by the I/O adapters to synchronize the device op- 
erations to the processor-controller operations. 
The timings of these three lines are such that any of 
the eight clock times can be decoded by the adapters. 

PARITY ERROR: The parity generated from the B 
register is utilized in the same manner by the XIO 
data cycle and the cycle- steal cycle. If the function 
is an XIO write or cycle-steal -write cycle, the gen- 
erated parity from the left -half word (Bits 0-7) and 
right-half word (Bits 8-15) is transmitted with the 
data word on the out bus. The adapter regenerates 
parity bits for each of the half-words. The regen- 
erated parity is compared against the parity re- 
ceived with the half words (CC30101, A6). If the 
parity conditions do not compare, a parity error 
signal indicates a parity error. This signal sets 
an error indicator in the receiving adapter during 
the cycle in which the error occurred (Parity Check 
flip-flop, 1442, CC30101,A9). When the indicator 
is off, it assures each device of correct data at the 
B register on each data transmission. When the 
indicator is on, it identifies the parity error to a 
failure within the data cycle of a particular device. 
If the function is an XIO read or a cycle-steal 
read cycle, the left -half odd parity and right-half 
odd parity is gated onto the in bus with the data word. 
The left- and right-half parity bits are then exclu- 
sively ORed in the P-C (CC30101, D2) and set in the 
parity flip-flop, (D7), along with the data word in the 
B register. This data word with parity is then 
written into core storage. During the write-to- 
storage, parity is generated on the 16 bits in the B 
register and is compared with the interface. If the 
parity does not compare, the parity error circuit 
indicates to the adapter that a parity error was 
detected at the B register, and sets the adapter 



parity check flip-flop (A9). When off, this indicator 
assures each device that correct data was received by 
the B register for each data transmission. When on, 
the indicator identifies the parity error as a failure on 
the data cycle associated with the particular device. 

STORAGE PROTECT VIOLATION: During an XIO 
(read) instruction or a cycle -steal-request (read) 
while the data cycle takes place, the word contained 
in storage is checked for the presence or absence 
of a storage protection bit. If the bit is absent, 
execution proceeds without change and the read in- 
formation is set into the B register from where it 
is written into storage. If the protect bit is present, 
the read information is not set into the B register, 
and the storage -protection-violation line (CCS 0102, 
D4) on the l/O interface is conditioned. This signal 
is detected by the adapter which caused the storage 
violation and turns on an indicator in that adapter. 

XIO CONTROL CYCLE: This line is active during 
the El cycle of an XIO instruction. It is used by the 
I/O adapters to condition circuits to accept and de- 
code the lOCC control word. 

XIO DATA CYCLE: This line is active during the E2 
cycle of an XIO instruction with a function of initialize 
read, initialize write, control, sense device, or 
sense interrupt. It is active during the E-3 cycle of 
an XIO instruction with a function of read or write. 
This line signals the addressed I/O adapter to accept 
or transfer the data word. During an initialize read 
or write command, the data cycle (E-2) is used to 
load the lOCC address word into the specified channel 
address register (data is transferred during the 
cycle-steal cycles) . 

The XIO data-cycle line is also activated by IPL 
request to implement the initial program load sequence. 

RESET: This line is active as long as the console 
reset key is pressed if the run flip-flop is not on, 
or, if the power-on reset or alarm-stop reset is 
active. This line causes a general reset in all I/O 
adapters. 
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Chapter 3. Principles of Operation 



INSTRUCTION TIME 

• Used to read and interpret the instruction at the 
core storage location specified by the instruction 
register. 

• Decodes the instruction format bit to determine 
whether the instruction is one or two words in 
length. 

• Decodes the instruction tag bits to determine if 
the instruction is an indexed instruction. 
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1-1 


1-2 
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Single-Word 

Single-Word wifh Indexing 

Double-Word 
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Figure 3-1. Instruction Cycle Requirements 



• Decodes the instruction lA bit to determine if 
the instruction has an indirect address. 

• Instruction cycle 1 (II) is used by all instruc- 
tions. 

• Instruction Cycle 2 1(12) is used by all double- 
word-format instructions. 

• A third I cycle, indirect addressing cycle (lA), 
is used by indirect addressing instructions. 

In the performance of the stored program instructions , 
the computer proceeds through instruction time (I- 
Cycles), and generally through execution time (E- 
Cycles) for each operation. The functions of instruc- 
tion time are: (1) read the instruction from core 
storage , (2) store the instruction in control registers 
(3) decode the registers to set up the necessary con- 
trols for the operation, and (4) develop an effective 
address. 

Instruction word format is described in Chapter 1. 
The six types of instructions and the machine cycles 
required for each type are shown in Figure 3-1. 

The address portion of the instruction word(s) 
does not always represent the actual address of the 
data. To provide programming flexibility and to 
conserve core storage space , several methods of 
address modification are available. 

The address that references core storage to 
accomplish the objectives of the instruction is called 
the effective address. The generation of the effec- 
tive address depends upon the type of instruction 
specified. It can be generated during the II, 12, or 
lA cycle. Effective address generation is shown in 
the flow chart on MDM page CC 60101 and is includ- 
ed in the following description of the types of I cycles . 



Instruction Cycle 1 (II) 

• Used by all instructions. 

• Stores the 16 bits of the first word of the instruc- 
tion in control registers. 

• Decodes the contents of the control registers to 
determine the operation to be performed. 

• Develops the effective address if the instruction 
is a one -word instruction. 

t Reference CC60102 
Description 

This cycle reads the instruction data from core stor- 
age at the address specified by the instruction regis- 
ter. The core storage word is read into the B 
register, distributed to the various control registers 
(Figure 3-2), and decoded to indicate the operation 
to be performed. 

There are four major types of U cycles. 

1. II used for single -word instructions without 
indexing (F = 0, T = 00). 

2. II used for single-word instructions with 
indexing (F = 0, T ^ 00). 

3. II used for double -word instructions without 
indexing (F = 1, T = 00). 

4. II used for double -word instructions with index- 
ing (F = 1, T ^ 00). 

In addition to the functions previously described, 
each type of II cycle performs specific functions to 
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Figure 3-2. B Register to Control Register Transfer 



generate or help generate the effective address. The 
functions of the four types of II cycles are shown in 
Figures 3-3 through 3-6. 

Instruction Cycle 2 (12) 

• Used by all long format instructions. 

• Reads the second word (16 bits) of the instruc- 
tion and loads it into the accumulator. 

• CC60104 is a flow chart of the 12 cycle. 

The second word in a long format instruction is the 
effective address unless it is modified by indexing 
or indirect addressing. Figures 3-5 and 3-6 show 
the II cycle of double word instructions. During 
the II cycle, the I register contents or the contents 
of an index register are loaded into the accumulator. 

If the instruction does not specify indexing, the 
12 cycle reads the address from core storage and 
loads it into the accumulator (Figure 3-7). The I- 
register contents , loaded into the accumulator during 
the II cycle, are not used. 

If the instruction specifies an index register , the 
contents of that index register were loaded into the 
accumulator during the II cycle. The 12 cycle 
then reads the address 'word from core storage and 
adds it to the index register contents in the accumu- 
lator . 

Indirect Addressing Cycle (lA) 

• Used by double -word instructions only. 

• Reads a direct address from the core storage 
location specified by the indirect address placed 
in the accumulator during the 12 cycle. 
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1 . Transfer instruction address from I to M. 

2. Address core storage from M register. 

3. Read Instruction word from core storage; load into B register. 

4. Load operation, format, and tag registers with B register bits 
0-7. Load D register with B register bits 8-15. 

5. Transfer I register to Accumulator. 

6. Add D register to Accumulator. Effective address is now in 
Accumulator. 

7. Write-back instruction word into core storage. 
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Figure 3-3. II Cycle, Single Word, Without Indexing 



• Transfers the direct address to the accumulator 
to replace the indirect address. 

• Reference CC60105. 

A direct address can be generally defined as the lo- 
cation of data in core storage. An indirect address 
can then be defined as the address of a direct address. 
For most instructions , the effective address that is 
generated during II and 12 cycles is a direct address. 

However, the presence of a "one" in the bit 8 
position of the instruction indicates that the effective 
address is really an "indirect" address. 

This "indirect" address is the core storage lo- 
cation of a "direct" address. 

The preceding 12 cycle loaded the indirect 
address into the accumulator. This indirect address 
may be the address word (Figure 3-7) or the 
address word plus the contents of an index 
register. The lA cycle loads the indirect ad- 
dress into the M register, reads the direct 
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1 . Transfer instruction address from I to M. 

2. Address core storage from M register. 

3. Read instruction word from core storage; load into B register. 

4. Load operation, format, and tag registers with B register 
bits 0-7. Load D register with B register bits 8-15. Extend 
displacement sign (bit 8) in D register. 

5. Transfer Index register, selected by Tag bits, to Accumulator. 

6. Add D register to Accumulator. Effective address is now in 
Accumulator. 

7. Write-back instruction word into core storage. fiiiii 
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1, Transfer instruction address from I to M. 

2, Address core storage from M register. 

3, Read instruction word from core storage; load into B register, 

4, Load operation, format, and tag registers with B register bits 0-7, 
Load D register with B register bits 8-15, Extend displacement 
sign (bit 8) in D register, 

5, Transfer I register to Accumulator. 

6, Write-back instruction word into core storage. 

D register and Accumulator Contents will not be used. 12 cycle 
will read address word from core storage and place it in the 
Accumulator. 



Figure 3-5. II Cycle, Double Word, Without Indexing 



Figure 3-4. II Cycle, Single Word, with Indexing 



address from the core storage location specified 
by M, and transfers the direct address to the accu- 
mulator via B and D registers (Figure 3-8). 

Only one level of indirect addressing is available 
in the 1800 system. This means that the indirect 
address of an instruction always selects a direct 
address, never another indirect address. 

EXECUTION TIME 

• Execute the instruction read from core storage 
and interpreted during the associated instruction 
time. 



• Execution time consists of a number of machine 
cycles (E-cycles) under the control of E- cycle 
triggers and the Shift Coimter. 

• Some instructions do not require any execution 
time. 

The performance of a computer operation is normally 
divided into two parts, instruction time (I cycles) and 
execution time (E-cycles). 

Each execution time is immediately preceded by 
its associated instruction time during which the in- 
struction is read from core storage and interpreted. 

The function of execution time is to accomplish 
the objectives of the particular operation specified by 
the instruction. The required number of machine 
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1 . Transfer Instruction address from I to M, 

2. Address core storage from M register. 

3. Read Instruction word from core storage; load Into B register, 

4. Load operation, format, and tag registers with B register bits 0-7. 
Load D register with B register bits 8-15. Extend displacement 
sign (bit 8) In D register. 

5. Transfer Index register, selected by Tag bits, to Accumulator . 

6. Write-back Instruction word Into core storage. 

D register contents will not be used. 12 cycle will read the 
address word Into the D register and add It to the Index word In 
the accumulator. 
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Figure 3-6. II Cycle, Double Word, With Indexing 



cycles depends upon the specific operation to be 
performed (Figure 3-9). 

The following instructions are complete at the 
end of their instruction time and require no execution 
cycles. 

1. Wait. 

2. Shift Right/Left. 

3. Load Status 

4. Branch or Skip on Condition. 

5. Load index if no index register is specified. 

When the execution time for an operation is com- 
plete, the computer is directed to enter the instruc- 
tion time for the next instruction in sequence. 
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1 . Transfer address-word address from I to M. 

2. Address core storage from M register. 

3. Read address word from core storage; load Into B register. 

4 . Transfer B to D . 

5. Transfer D (address word) to Accumulator. 

6. Write-back address word Into core storage. 



Figure 3-7. 12 Cycle, Double Word, Without Indexing 
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E-Cycle Flip-Flops 

In general, each E-cycle flip-flop controls all of the 
functions which must be accomplished during the ma- 
chine cycle for which it is on. At the beginning of 
the following machine cycle it serves to turn on the 
next E-cycle flip-flop which is to assume control, 
and then it is turned off by a TO clock pulse. 

Because identical or similar functions are ac- 
complished during the execution of two or more dif- 
ferent computer operations, the E-cycle flip-flops 
are used with more than one operation, and more than 
once in any specific operation. For example, the Load 
Double operation is executed in two execute cycles, us- 
ing E-cycle flip-flops El and E2 (Figure 3-10). 
The Load Accumulator operation is executed in one exe-, 
cute cycle, using E-cycle flip-flop El. El flip-flop is 
used with both operations to accomplish a similar 
fimction, that of reading a 16-bit word from core stor- 
age and loading into the accumulator. 

The functions of individual E-cycle flip-flops are 
described as they are used to accomplish the objectives 
of the various operations. However, each has normal 
functions and objectives. These normal functions and 
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1. Transfer indirect address, loaded info accumulator 
during 12 cycle, to M register. 

2. Address core storage from M register. 

3. Read direct address from core storage; load into B register. 

4 . Transfer B to D . 

5 . Transfer D to A , 

6. Write-back direct address into core storage. 



Figure 3-8. lA Cycle 



objectives are performed each cycle that the flip-flop 
is on except during the cycles that they are specifically 
blocked. These normal functions and objectives are: 
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TO ; Transfer the effective address that was genera- 
ted during I-cycles from the accumulator to the M 
register and read core storage. Load core storage 
word into B register. 



Tl: 
1. 



2. 



Transfer the contents of the temporary accumu- 
lator storage register (U) to the accumulator (A). 
(The contents of A are placed in U at the begin- 
ning of instruction time , and are returned to A at 
the beginning of the first E cycle of an instruc- 
tion. ) 

Decrement the Shift Counter. The Shift Counter 
is set during instruction time for the number of 
cycles required to complete the operation. 



Figure 3-9. Instruction Usage of I and E Cycles 



T3 : Set Arith Ctrl and add flip-flops if required. 



T4: 
1. 

2. 



T2: Transfer B toD. 



Store the contents of B back into the core storage 
location specified by M. 

Depending upon the operation code; transfer, 
compare , or add D to the contents of the accumu- 
lator , or, store or shift the contents of the 
accumulator . 



T5, T6, T7: 

1. Continue the compare, shift, or add operation if 
required. 
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Load 
First 
Word 




Load 

Seconc 

Word 


1 


1-1 


^- 


E-1 




E-2 











Instruction: Load Double (Load two words from core storage 
into Accumulator). 



2. This flip-flop and its associated indicator are 
turned off by: 

a. A Branch or Skip on Condition instruction that 
tests the Overflow flip-flop. 

b. A Load Status instruction that specifies the 
turn off of the Overflow indicator. 

Carry 







Load 
Word 




1-1 




E-1 









Instruction: Load Accumulator (Load one word from core storage 
into Accumulator). 

124038 I 

Figure 3-10. Load Accumulator Instructions 



2. Extend T7 time if required (if add or subtract and 
D ?^ 0, or if shift and shift counter i" 0). 

The sequential advance from one numbered E -Cycle 
to another is controlled by operation code gating. At 
the beginning of each machine cycle , the operation 
code and the conditions of the operation gate on the 
next cycle flip-flop . The previous cycle flip-flop is 
turned off by a TO clock pulse. 

Auxiliary Flip-Flops 

Auxiliary flip-flops are used to establish or recognize 
conditions within the computer which must be consid- 
ered to properly execute an instruction. 

Functions of the most commonly used execution 
auxiliary flip-flops are described here. These and 
other auxiliary flip-flops are described in detail in 
the sections of this manual where they are used in the 
various computer operations. 

Overflow 

1. This flip-flop and its associated indicator are 
turned on by: 

a. An Add, Subtract or Divide operation that 
produces a result larger than can be accur- 
ately represented in the accumulator. 

b. A Load Status instruction that specifies the 
turn on of the Overflow indicator. 



1. This flip-flop and its indicator are turned on by: 

a. Arithmetic and shift operations, to indicate a 
one bit in the high order position of the ac- 
cumulator or a carry out of the high order 
position of the accumulator. 

b. A Load Status instruction that specifies the 
turn on of the Carry flip-flop. 

c. A Shift Left and Count instruction if: BR-1 
and BR-2 are on and the Shift Counter is not 
equal to zero. 

2. This flip-flop and its associated indicator are 
turned off by: 

a. A Branch or Skip on Condition instruction 
that tests the Carry flip-flop. 

b. A Load Status instruction that specifies the 
turn off of the Carry flip-flop. 

c. A Shift Left and Count instruction if: 

BR-1 and BR-2 are on and the Shift Counter 
is equal to zero. 

INSTRUCTION SET 



The 1800 instruction set is shown in Figure 3-11. An 
invalid code (0000) enables the programmer to detect 
an inadvertent branch to a blank area of core storage . 
Each instruction falls into one of five classes. Note 
that the instructions which may be used with indirect 
addressing are indicated in the Indirect Addressing 
column. Some instructions perform multiple uses, 
as specified by their control bits . A more complete 
breakdown of instructions , including hexadecimal 
representations , is found in the description of each in- 
struction andlin the FEMM. 

The following descriptions of the instructions in- 
clude the instruction formats, the objectives, the ef- 
fect on the carry and overflow indicators, and the 
hexadecimal representation for each instruction. 

The details of each operation are in the 1800 
system Maintenance Diagram Manual. The descrip- 
tion for each instruction references the necessary 
diagram. 
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Class 


Instruction 


Indirect 
Addressing 


Mnemonic 


Load and 


Load Accumulator 


Yes 


LD 


Store 


Double Load 


Yes 


LDD 




Store Accumulator 


Yes 


STO 




Double Store 


Yes 


STD 




Load Index 


** 


LDX 




Store Index 


Yes 


STX 




Load Status 


No 


LDS 




Store Status 


Yes 


STS 


Arithmetic 


Add 


Yes 


A 




Double Add 


Yes 


AD 




Subtract 


Yes 


S 




Double Subtract 


Yes 


SD 




Multiply 


Yes 


M 




Divide 


Yes 


D 




And 


Yes 


AND 




Or 


Yes 


OR 




Exclusive Or 


Yes 


EOR 


Shift 


Shift Left Instructions 








Shift Left Logical (A) * 


No 


SLA 




Shift Left Logical (AQ)* 


No 


SLT 




Shift Left and Count (AQ)* 


No 


SLC 




Shift Left and Count (A) * 


No 


SLCA 




Shift Right Instructions 








Shift Right Logical (A)* 


No 


SRA 




Shift Right Arithmetically (AQ)* 


No 


SRT 




Rotate Right (AQ)* 


No 


RTE 


Branch 


Branch and Store 1 


Yes 


BSI 




Branch or Skip on Condition 


Yes 


BSC(BOSC) 




Modify Index and Skip 


** 


MDX 




Wait 


No 


WAIT 




Compare 


Yes 


CMP 




Double Compare 


Yes 


DCM 


I/O 


Execute I/O 


Yes 


XIO 



Letters in parentheses indicate registers involved in shift operations. 
' See the section for the individual instruction (MDX and LDX) 



|l71Sl d| 



Figure 3-11. Instruction Set 



Instruction Format Symbology 



Symbols are used to describe the instruction format 
and objectives. The symbols and their meanings are; 



Symbol 

A 

Q 
ADDRESS 

or 
Addr 
C(xx) 



Meaning 

Accumulator 
Accumulator Extension 
Contents of the Address portion of 
a two -word instruction. 

Contents of core storage at the 
location specified by XX. 



Symbol Meaning 

DISP Contents of the Displacement por- 

tion of a one -word instruction. 
EA Effective Address 

EA + 1 Next higher address from the Ef- 

fective Address. 
I Contents of the Instruction Register. 

XRl Contents of Index Register 1 

XR2 Contents of Index Register 2 

XR3 Contents of Index Register 3 

X Hexadecimal value can be 0-F. 

* Used for hexadecimal values that 

have limits. The limits are given 
below each group of hexadecimal 
instructions . 

Hexadecimal Representation 



OP FT 



Disp 



1,1,0,1,0 


0,0 0, 1,0,0,0,1,0,1 



OP 



F T ^A^O Cond 



Address 



ii iiOiiiOhhiilololOiOiOiOiOiO|OiOiOiOiOiOiOiiiiiOiOiOiiiiiii i 

D 7 1 8 F 

1 171S2 a| 

The hexadecimal version(s) of each instruction is 
provided with its description. The hexadecimal num- 
ber is derived by dividing each word into groups of 
four bits each and assigning a hexadecimal value cor- 
responding to the decimal (BCD) value of each group. 
The above illustration shows a hexadecimal value 
for each group of four binary bits. Conversion 
from hexadecimal to decimal can be obtained from 
Appendix A. For example, the decimal value of the 
Address (01 8F) in the long format instruction is 399. 

LOAD AND STORE OPERATIONS 

• Load operations normally transfer data from 
core storage to the machine register specified 
in the instruction. 

• Store operations normally transfer data from the 
machine register specified in the instruction to 
core storage. 

Load and Store operations are used to transfer data 
within the system and to set up factors for arithmetic 
operations. 
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The word "Load" can be interpreted as "transfer 
data into a register. " For example, the instruction, 
Load Accumulator, means transfer data into the ac- 
cumulator. The instruction. Load Index Register, 
means transfer data into an index register. 

The word "Store" can be interpreted as "transfer 
data into core storage. " For example, the instruc- 
tion. Store Accumulator, means transfer data out of 
the accumulator into core storage. The instruction. 
Store Index Register, means transfer data out of the 
index register into core storage. 

Combinations of these instructions are used to 
transfer data from one core storage location to an- 
other or from one register to another. 

The Processor- Controller is an add- to- accumu- 
lator machine, therefore, one factor of each arithme- 
tic or logical operation niust be loaded into the accum- 
ulator before the actual arithmetic or logical instruc- 
tion is executed. 

Load Accumulator (LD) 



OP 



F T 



Oisp 



1,1,0,0,0 





, 


1 1 1 1 1 1 , L. 



Hexadecimal 


Effective 


Representation 


Address 


COXX 


I + Disp 


CIXX 


XRl + Disp 


C2XX 


XR2 + Disp 


C3XX 


XR3 + Disp 



Two— Word Instruction, Direct Address 

• Load C(EA) into A. 

Hexadecimal ^ Effective 
Repr e sentation Address 



C400XXXX 
C500XXXX 
C600XXXX 
C700XXXX 



Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



0-3 



Two— Word Instruction, Indirect Address 
• Load C(EA) into A. 

Hexadecimal Effective 

Representation Address 



OP 



F T ^A^O Cond 



Address 



i.i.o.o.ohl . I |o|o.o.o,o.o,o| ,,,,,.. , 

C 4-7 or 8 X X X X 



• Transfers the contents of the core storage loca- 
tion specified by the effective address (EA) into 
the accumulator (A). 

• The contents of the core storage location are 
unchanged. 

• Modifier bit 9 = 1 selects auxiliary storage 
section of addressed core storage module. 

• Reference CC60192. 

One— Word Instruction 
% Load C(EA) into A. 



C480XXXX 
C580XXXX 
C680XXXX 
C780XXXX 

Double Load (LDD) 



C(Addr) 
C(Addr +XR1) 
C(Addr + XR2) 
C(Addr + XR3) 



OP FT 



Disp 



1,1,0,0,1 







1 1 1 i 1 1 1 



OP F T ^A^O Cond ,50 



Address 



liliO.O.l 


1 


, 







0,0,0,0,0,0 


1 M 1 1 L 1 1 1 i 1 1 1 1 1 



C-F or 8 



• Load the contents of core storage specified by 
the EA and the contents of the next higher core 
storage location into the accumulator and its 
extension (Q), respectively. 
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This instruction provides double precision load 
for use with the double precision arithmetic . 

The EA of the instruction must be an even ad- 
dress for correct operation. 

If the EA is odd, the contents of that location will 
be entered into both the accumulator and its ex- 
tension. 

The contents of core storage remain unchanged. 

Modifier bit 9 = 1 selects auxiliary storage 
section of addressed core storage module. 

Reference CC60193. 



One— Word Instruction 



Load C(EA and EA + 1) into A and Q. 



Store Accumulator (STO) 



Hexadecimal 


Effective 


Representation 


Address 


C8XX 


I + Disp 


C9XX 


XRl + Disp 


CAXX 


XR2 + Disp 


CBXX 


XR3 + Disp 



Two-Word Instruction, Direct Address 

• Load C(EA and EA + 1) into A and Q. 



Hexadecimal 
Representation 

CCOOXXXX 
CDOOXXXX 
CEOOXXXX 
CFOOXXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two— Word Instruction, Indirect Address 

• Load C(EA and EA + 1) into A and Q . 



Hexadecimal 
Representation 

CC80XXXX 
CD80XXXX 
CE80XXXX 
CF80XXXX 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



OP FT 



Disp 



0.1.0 



OP 



0-3 



F T A Cond 15 p 



Address 



l.l,0.1.0h| , I |0|0.0,0.0.0.0| .,,,., ..,.1,111 



4-7 



or 8 



X 

|1715S B 



Stores the contents of the accumulator at the 
core storage location specified by the effective 
address. 

The contents of the accumulator are unchanged. 

Modifier bit 9 = 1 selects auxiliary storage 
section of addressed core storage module. 



• 


Reference CC60194. 


One 


-Word Instruction 




• 


Store A at EA. 






Hexadecimal 


Effective 




Representation 


Address 




DOXX 


I + Disp 




DIXX 


XRl + Disp 




D2XX 


XR2 + Disp 




D3XX 


XR3 + Disp 



Two-Word Instruction, Direct Address 



Store A at EA. 

Hexadecimal 
Representation 

D400XXXX 
D500XXXX 
D600XXXX 
D700XXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two-Word Instruction, Indirect Address 
« Store A at EA. 



Hexadecimal 
Representation 

D480XXXX 
D580XXXX 
D680XXXX 
D780XXXX 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 
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Double Store (STD) 



OP FT 



Disp 



0.1. 



OP 



F T ^A^O Cond 



1 ,1,0,l|l|l| , I |0|0,0,0|0|0,0 



Address 



I I I I I 



C-F or 8 



Two-Word Instruction, Indirect Address 
# Store A and Q at EA and EA + 1. 



Hexadecimal 
Representation 

DC80XXXX 
DD80XXXX 
DE80XXXX 
DF80XXXX 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr +XR3) 






Store the contents of the accumulator (A) and its 
extension (Q) into the core storage locations 
specified by the effective address (EA) and the 
EA + 1. 

This instruction provides double precision 
store for use with double precision arithmetic. 

The EA of this instruction must be an even ad- 
dress for correct operation. 

If the E A is odd , the contents of the accumulator 
are stored at the EA and the contents of the ac- 
cumulator extension will not appear in core 
storage. 

The contents of A and Q remain unchanged. 
Modifier bit 9 = 1 selects auxiliary storage 



Load Index (LDX) 



section of addressed core storage module. 

• Reference CC60195. 
One— Word Instruction 

• Store A and Q at EA and EA + 1. 



Hexadecimal 


Effective 


Representati 


on Address 


D8XX 


I + Disp 


D9XX 


XRl + Disp 


DAXX 


XR2 + Disp 


DBXX 


XR3 + Disp 



Two— Word Instruction, Direct Address 



Store A and Q at EA and EA + 1. 



Hexadecimal 
Representation 

DCOOXXXX 
DDOOXXXX 
DEOOXXXX 
DFOOXXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



OP 



F T 



Disp 



0,1,1,0,0 


1 


+ 

~l 1 1 1 1 1 1 



0-3 



OP FT ^A^O Cond ,50 



T = 00 Load I 

T = 01 Load XRl 

T = 10 LoadXR2 

T = 1 1 Load XR3 



Address 



o,i,i,o,o|i[ , I |o|o,o,o,o,o,o|±, 111,11 ,11 

6 4-7 or 8 X X X X 

lA = - Load Immediate 
lA = 1 - Load Direct 



• If F = 0, TAG = 00: load I with DISPLACEMENT. 

• If F = 0, TAG 7^ 00: load XR with DISPLACEMENT. 

• IfF = l, TAG=00, IA = 0: load I with ADDRESS. 

• If F = 1, TAG 7^ 00, L\ = 0: load XR with ADDRESS. 

• If F = 1, TAG = 00, LA = 1: load I with word at 
location specified by ADDRESS. 

• If F = 1, TAG 7^ 00, lA = 1: load XR with word at 
location specified by ADDRESS. 

e When the DISPLACEMENT is used, the eight high- 
order positions of the specified register are filled 
with the value of the sign bit (bit position 8 of in- 
struction) to complete the 16-bit word. 

• Reference CC60161. 
One— Word Instructions 

60XX Load DISP into the Instruction Register. 

61XX Load DISP into Index Register 1. 
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62XX Load DISP into Index Register 2 

63 XX Load DISP into Index Register 3 

Two— Word Instruction, Direct Addressing 

6400XXXX Load Addr into the Instruction 

Register 
6500XXXX Load Addr into Index Register 1 
6600XXXX Load Addr into Index Register 2 
6700XXXX Load Addr into Index Register 3 

Two-Word Instruction, Indirect Addressing 

6480XXXX Load contents of core storage at Addr 

into Instruction Register 
6580XXXX Load contents of core storage at Addr 

into Index Register 1 
6680XXXX Load contents of core storage at Addr 

into Index Register 2 
6780XXXX Load contents of core storage at Addr 

into Index Register 3 

Store Index (STX) 



OP 



Disp 



0.1.1.0.1 



T = 00 Store I 

T = 01 Store XRl 

T = 10 Store XR2 

T = 1 1 Store XR3 



Two— Word Instruction, Indirect Addressing 

6C80XXXX Store I at EA. EA = C(Addr) 

6D80XXXX Store XRl at EA. EA = C(Addr) 

6E80XXXX Store XR2 at EA. EA = C(Addr) 

6F80XXXX Store XR3 at EA. EA = C(Addr) 



Store Status (STS) 

The Store Status instruction can be used in two 
ways: store indicator status and store memory 
protect status. 

• Reference CC60142. 

Indicator Status 



OP 



Disp 



0,0,1,0,1 





-1— 


1 1 i l.,..l-J_J_ 




8-B 



OP 



^^0 



Cond 



Address 



o.i.i.o.ihl . I |o|o,o,o,o,o,o| ,,,,,,..,,,,,, I 

6 C-F OorS X X X X 



• If TAG = 00: store I at location specified by EA. 
o If TAG ^ 00: store XR at location specified by EA. 

• Reference CC60162. 

One— Word Instruction 

68XX Store I at EA (I+DISP) 

69XX Store XRl at EA (I+DISP) 

6AXX Store XR2 at EA (I+DISP) 

6BXX Store XR3 at EA (I+DISP) 

Two— Word Instruction, Direct Addressing 

6C00XXXX Store I at EA (Addr) 
6D00XXXX Store XRl at EA (Addr) 
6E00XXXX Store XR2 at EA (Addr) 
6F00XXXX Store XR3 at EA (Addr) 



• Store the on/off status of the Carry and Overflow 
indicators in bits 14 (Carry) and 15 (Overflow) of 
the word at the effective address (EA). 

• Bits through 7 of the word remain unchanged 
and bits 8 through 13 are reset to zero. 

• Carry and Overflow indicators are reset as they 
are stored. 













Unchanged 



I Overflow 

I 

Carry 



One— Word Instruction 



• Store status of indicators at EA . 
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Hexadecimal 


Effective 


Representation 


Address 


28XX 


I + Disp 


29XX 


XRl 


+ Disp 


2AXX 


XR2 


+ Disp 


2BXX 


XR3 + Disp 



Two— Word Instruction, Direct Address 



Store status of indicators at EA. 



Hexadecimal 
Representation 

2C00XXXX 
2D00XXXX 
2E00XXXX 
2F00XXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two-Word Instruction, Indirect Address 
• Store status of indicators at EA . 



Hexadecimal 
Representation 

2C80XXXX 
2D80XXXX 
2E80XXXX 
2F80XXXX 

Storage Protect Status 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



OP 



F T A Cond 



0,0,1 ,0,11 



I « I 



I ' I 



I ' I » I I I ' I 



C-F 



4 or C or 1 



• Sets or clears the storage protection bit in the 
specified core storage word if the Write Storage 
Protection Bit switch is on. 

The storage protection bit, which is not part of the 16- 
bit word, can be altered in any word. The Write Stor- 
age Protect Bit switch must be in the Yes position. 
The storage protect bit is cleared to zero if bit 
15 = 0. The storage protect bit is set to one if bit 
15 = 1. 

TWO- WORD INSTRUCTION, DIRECT ADDRESSING: 
2C40XXXX Clear storage protect bit at EA (Addr) 
2C41XXXX Write storage protect bit at EA (Addr) 
2D40XXXX Clear storage protect bit at EA 
(Addr + XRl) 



2D41XXXX Write 

(Addr 
2E40XXXX Clear 

(Addr 
2E41XXXX Write 

(Addr 
2F40XXXX Clear 

(Addr 
2F41XXXX Write 

(Addr 



storage protect bit at EA 

+ XR1) 

storage protect bit at EA 

+ XR2) 

storage protect bit at EA 

+ XR2) 

storage protect bit at EA 

+ XR3) 

storage protect bit at EA 

+ XR3) 



TWO-WORD INSTRUCTION, INDIRECT ADDRESSING: 



2CC0XXXX 
2CC1XXXX 
2DC0XXXX 
2DC1XXXX 
2EC0XXXX 
2EC1XXXX 
2FC0XXXX 
2FC1XXXX 



Clear storage protect 
EA = C(Addr) 
Write storage protect 
EA = C(Addr) 
Clear storage protect 
EA = C(Addr + XRl) 
Write storage protect 
EA = C(Addr + XRl) 
Clear storage protect 
EA = C(Addr + XR2) 
Write storage protect 
EA = C(Addr + XR2) 
Clear storage protect 
EA = C(Addr + XR3) 
Write storage protect 
EA = C(Addr + XR3) 



bit at EA 
bit at EA 
bit at EA 
bit at EA 
bit at EA 
bit at EA 
bit at EA 
bit at EA 



Load Status (LDS) 

o OP 



F T 



Disp 



0,0,1,0,0 





0.0 


0,0,0,0,0,0, , 



0-3 



• This instruction uses the single-word format only. 

• Load the Carry and Overflow indicators with the 
on/off status of the bits in positions 14 (Carry) 
and 15 (Overflow) of the instruction. 

• The Carry and Overflow status is normally stored 
into this instruction by a previous Store Status 
instruction. 

• Core storage is not changed. 

• Carry and Overflow indicators are set according 
to the bits at positions 14 and 15. 

• Reference CC60141. 

ONE-WORD INSTRUCTION (ONLY): 

2000 Set CARRY and OVERFLOW indicators 
OFF 

2001 Set OVERFLOW ON and CARRY OFF 
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2002 Set OVERFLOW OFF and CARRY ON 

2003 Set CARRY and OVERFLOW indicator ON 

ARITHMETIC INSTRUCTIONS 
Add (A) 



OP FT 



Disp 



1,0,0,0,0 





, 


1 1 1 1 l_J_l- 



OP 



0-3 



F T ^A^O Cond 



Address 



15 



1,0|0,0|0 Tl,^ 0,0|0, 0,0,0 



I I I I I I I I I I I I I I I 



4-7 or 8 



X 

[17167 B| 



9 Add the 16-bit word specified by EA to the 16-bit 
word in A . 

9 Two's complement arithmetic is used; that is, 
negative operands and/or negative sums will be 
in two's complement form. 

9 The sum replaces the contents of A. 

® Factor in D register is reduced to zero. 

® Core storage remains unchanged. 

9 The operation of the D register and accumulator, 
for the add operation, is described in Chapter 2. 

9 A flow chart and timing diagram for the add in- 
struction are on CC60171. 

INDICATORS: The Overflow indicator is turned ON 
if the magnitude of the sum is too large to be repre- 
sented in the Accumulator; that is, greater than +2^5 
- 1 or less than -2^5 (this is detected by a resultant 
carry out of one and only one of the two high-order 
bit positions of the accumulator) . If overflow was 
previously ON, it is not changed. (Overflow can be 
reset by testing, or a Load Status or Store Status 
instruction. See Branch or Skip on Condition instruc- 
tion.) The Carry indicator is set by a carry out of 
the high-order bit position of the accumulator. 



One-Word Instruction 




9 Add C(EA) to A. 




Hexadecimal 


Effective 


Representation 


Address 


80XX 


I + Disp 


81XX 


XRl + Disp 



82XX 
83XX 



XR2 + Disp 
XR3 + Disp 



Two-Word Instruction, Direct Address 
9 Add C(EA) to A 



Hexadecimal 
Representation 

8400XXXX 
8500XXXX 
8600XXXX 
8700XXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two-Word instruction, indirect Address 
9 Add C(EA) to A. 



Hexadecimal 
Representation 

8480XXXX 
8580XXXX 
8680XXXX 
8780XXXX 



Double Add (AD) 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 




OP 



F T U^O Cond 



Address 



1 ,0,0,0,1 


1 


, 







0,0,0,0,0,0 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



C-F or 8 



9 EA should be even. 

9 Add the 32-bit word specified by EA and EA + 1 
to the 32-bit word in the accumulator and its ex- 
tension. 

9 The sum replaces the contents of the accumulator 
and its extension. 

9 Core storage remains unchanged. 

• Reference CC60172. 
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This instruction provides double precision addition 
where the accumulator and its extension are consider- 
ed as one 32-bit accumulator. 

The effective address formed by this instruction 
must be an even address for correct operation. If 
EA is odd, the word at the EA location is added to 
both the accumulator and its extension, and may be 
added incorrectly into the accumulator. 

INDICATORS: When the instruction is completed, the 
Carry indicator represents the results of this instruc- 
tion — not previous instructions. The Carry indica- 
tor is set ON by detection of a carry out of the high- 
order position of the accumulator. 

The Overflow indicator is turned ON by this in- 
struction if the magnitude of the sum is greater than 
+2^1 - 1 or less than -2^1. If this indicator was ON 
before the iastruction, no change occurs. If OFF, it 
is turned ON when the magnitude of the number is too 
large to be represented (this is detected by a carry 
out of one and only one of the two high- order bits of 
the accumulator) . 

One-Word Instruction 

• Add C(EA and EA + 1) to A and Q. 



Hexadecimal 


Effective 


Representation 


Address 


88XX 


I + Disp 


89XX 


XRl + Disp 


8AXX 


XR2 + Disp 


8BXX 


XR3 + Disp 



Two— Word Instruction, Direct Address 
• Add C(EA and EA + 1) to A and Q. 



Hexadecimal 
Representation 

8C00XXXX 
8D00XXXX 
8E00XXXX 
8F00XXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two— Word Instruction, Indirect Address 

9 Add C(EA and EA + 1) to A and Q. 

Hexadecimal Effective 

R epr es entation A ddr es s 



8C80XXXX 
8D80XXXX 



C(Addr) 
C(Addr + XRl) 



8E80XXXX 
8F80XXXX 

Subtract (S) 



C(Addr + XR2) 
C(Addr + XR3) 



Disp 



1,0,0,1,0 


_J_. 






OP 



0-3 



F T *Al 



Cond 15 



Address 



1.0.0.1. ohl . I |0|0.0.0,0,0,0| ..,.,.,........ 

9 4-7 or 8 X X X X 



• Subtract the word at the core storage location 
specified by the effective address from the word 
in the accumulator. 

• The result replaces the contents of the accumu- 
lator. 

• Two^s complement arithmetic is used; that is, 
both negative operands and negative differences 
will be two^s complement form. 

• Core storage remains imchanged. 

• Reference CC60171. 

INDICATORS: The Overflow indicator is turned ON 
if the magnitude of the difference is too large to be 
represented in the accumulator; that is, greater than 
+2^5 -1 or less than -2^^. If Overflow was previously 
ON, it is not changed. (Overflow can be reset by 
testing or a Load or Store Status instruction. See 
Branch of Skip on Condition Instruction. ) This is 
detected by a borrow from one and only one of the two 
high-order bit positions of the accumulator. The 
Carry indicator is set on if an attempt is made to 
borrow from a nonexistent position by the high order 
position (AO) of the A .register (AO through A15). 

One— Word Instruction 

• Subtract C(EA) from A. 

Hexadecimal Effective 

Representation Address 



90XX 


I + Disp 


91XX 


XRl + Disp 


92XX 


XR2 + Disp 


93XX 


XR3 + Disp 
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Two— Word Instruction, Direct Address 
• Subtract C(EA) from A. 



Hexadecimal 
Representation 

9400XXXX 
9500XXXX 
9600XXXX 
9700XXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two— Word Instruction, Indirect Address 



The contents of the core storage location specified by 
the instruction and the next higher memory location 
are subtracted arithmetically from the contents of the 
accumulator (A) and its extension (Q). This provides 
double precision subtraction where the accumulator 
and its extension are considered as one 32 -bit accimiu- 
lator. The difference replaces the contents of A and 
Q. Core storage remains unchanged. The effective 
address formed by the instruction must be an even 
address for correct operation. If the effective ad- 
dress is odd, the contents of that location are sub- 
tracted from both the accumulator and its extension, 
and may be incorrect in the accumulator. 



Subtract C(EA) from A. 



Hexadecimal 
Representation 

9480XXXX 
9580XXXX 
9680XXXX 
9780XXXX 



Double Subtract (SD) 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



INDICATORS: The Overflow indicator is turned ON 
if the magnitude of the difference is too large to be rep- 
resented in the accumulator (A) and its extension (Q), 
or more specifically, greater than +2^1 - l or less 
than -2^-^. This is detected by a borrow from one and 
only one of the two high-order bit positions of the ac- 
cumulator. If Overflow was previously ON, it is not 
changed. (Overflow can be reset by testing or by a 
Load or Store Status instruction. See Branch or Skip 
on Condition instruction. ) The Carry indicator is 
set on if an attempt is made to borrow from a non- 
existent position by the high order position (AO) of 
the A register (AO through A15). 



OP FT 



Disp 



1,0,0,1,1 





_L, 


« 



8-B 



One— Word Instruction 



Subtract C(EA and EA + 1) from A and Q. 



OP FT ^A% 



Cond 



Address 



1 |0,0,1,1|1| , 



0,0,0 ,0,0,0| , , , 



I I 



I I I I I I i 



C-F or 8 



EA should be even. 



Subtract the 32-bit word specified by EA and 
E A + 1 from the 32-bit word in the accumulator 
and its extension. 



Hexadecimal 
Repr e sentation 

98XX 
99XX 
9AXX 
9BXX 



Effective 
Address 

I + Disp 
XRl + Disp 
XR2 + Disp 
XR3 + Disp 



Two-Word Instruction, Direct Address 



Subtract C(EA and EA + 1) from A and Q. 



The difference replaces the contents of the ac- 
cumulator and its extension. 

Core storage remains unchanged. 

Reference CC60172. 



Hexadecimal 

Representation 

9C00XXXX 

9D00XXXX 

9E00XXXX 

9F00XXXX 



Effective 
Address 
Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 
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Two— Word Instruction, Indirect Address 

• Subtract C(EA and EA + 1) from A and Q. 



Hexadecimal 
Representation 

9C80XXXX 
9D80XXXX 
9E80XXXX 
9F80XXXX 



Multiply (M) 



OP FT Disp 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



1,0,1,0,0 





.,J_ 


1 1 1 1 1 i 1 



I B 
OP F T A Cond 15 



1,0,1,0,0 


1 


-i_ 







0,0,0,0,0,0 


1 1 1 1 1 L 1 1 1 i 1 11 LJ_ 






A 4-7 0o7 8 X X % X 

|l7171 b| 

Multiply the 16-bit word at the EA by the 16-bit- 
word in the accumulator. 

Place the 32 -bit product into the accumulator 
and its extension. 

Core storage is not changed. 

Overflow and Carry indicators are not changed. 

Reference CC60174. 



The word at the core -storage location specified by 
the effective address (multiplicand) is multiplied alge- 
braically by the word in the accumulator (multiplier) . 
The 32-bit product replaces the contents of the Ac- 
cumulator (A) and its extension (Q). The most signi- 
ficant bits of the product are in the accumulator. The 
product is in the double precision format. 

Multiplication in the 1800 System depends on the 
fact that any binary number may be represented by 
powers of two . 

Thus it is not necessary to form the partial pro- 
duct by adding for each bit position. The machine 
may examine the multiplier (two lowest order bits at 
a time) to determine when to add the multiplicand, 
when to subtract, or when to just shift the multiplier. 



This system of multiplication permits the 1800 
to use fewer add cycles than would be possible with 
conventional multiplication. 

Multiply E2 cycles are entered when an examina- 
tion of the Q15 bit indicates that it is desired to add 
or subtract the multiplicand to/from the accumulator 
partial product. 



Multiplier 


Previous 
Operation 


New 
Action 


Explanation 


Q14 


Q15 








Add 


Shift 


No Action 





1 


Add 


Add, Shift 


Single One In 
String of Zeros 


1 





Add 


Shift 


No Action 


1 


1 


Add 


Sub, Shift 


Start String of Ones 








Sub 


Add, Shift 


End of String of 
Ones 





1 


Sub 


Shift 


No Action 


1 





Sub 


Sub, Shift 


Single Zero In 
String of Ones 


1 


1 


Sub 


Shift 


No Action 



In the first part of the E2 cycle the Q14 bit is 
examined to determine whether addition or subtraction 
is desired. 

In the second part of the E2 cycle shifting is con- 
tinued until the Q15 bit indicates that arithmetic action 
is again required. 

The largest product that can be developed is 2^^. 
This occurs when the multiplier and multiplicand are 
both the largest negative numbers -2-^^. 

INDICATORS: Neither the Overflow nor the Carry 
indicators are changed. 

Overflow and Carry conditions cannot exist, be- 
cause multiplying two 16 -bit factors cannot produce a 
result larger than can be represented in the Accumu- 
lator and its extention. 

One— Word Instruction 

• Multiply C(EA) by A. 



Hexadecimal 


Effective 


Representation 


Address 


AOXX 


I + Disp 


AIXX 


XRl + Disp 


A2XX 


XR2 + Disp 


A3XX 


XR3 + Disp 
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Two— Word Instruction, Direct Address 
• Multiply C(EA) by A. 
Hexadecimal 



Representation 

A400XXXX 
A500XXXX 
A600XXXX 
A700XXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two— Word Instruction, Indirect Address 
• Multiply C(EA) by A. 



Hexadecimal 
Representation 

A480XXXX 
A580XXXX 
A680XXXX 

A780XXXX 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr +XR3) 



Divide (D) 



OP FT Disp ,5 



1.0.1.0,1 





1 


1 1 1 1 1 1 1 



OP FT ^A^O Cond 150 



Address 



m 



l.O.liO.llll . I |0|0|0.0,0.0,0| I 

A C-F0or80 X X X X 

117172 B I 






Divide the 32 -bit word in the accimiulator and its 
extension by the 16 -bit word at the location speci- 
fied by the EA. 

Place the quotient in the accumulator. 

Place the remainder in the accumulator extension 
(Q). 

The sign of the remainder is the same as the sign 
of the dividend. 

Carry indicator is not changed. 

Reference CC60181. 



The word in the accumulator and its extension (a 32- 
bit double -precision dividend) is divided by the word 
at the core storage location specified by the effective 
address. The quotient replaces the contents of the 
accumulator and the remainder replaces the contents 
of the accumulator extension. The "sign" of the re- 
mainder will be the same as the dividend. 

The largest dividend that can correctly be opera- 
ted upon is 2^^ + 2^^ -1 if divided by largest negative 
divisor (-2-^^). 

The division operation is similar to the multipli- 
cation operation in that a predetermined number (16) 
of shift, add, or subtract cycles are taken. Early in 
each of these sixteen reduction cycles, a comparison 
of the sign of the divisor and the sign of the accumula- 
tor determine whether the operation on this cycle is 
add or subtract. The same comparison determines 
whether or not to set a quotient bit. Next, the A and 
Q are shifted left and the add/subtract operation per- 
formed. 

Two more cycles follow the 16 reduction cycles. 
During the 17th cycle both quotient and remainder are 
tested for the necessity of correction. If the remainder 
needs correction, it is also accomplished on cycle 17. 
During the 18th cycle, the accumulator (remainder) 
and accumulator extension (quotient) are exchanged. 
If quotient correction is required, it is accomplished 
on cycle 18, and the operation ends. 

This shift-add/subtract procedure is illustrated 
as follows: 

Divide binary 00111001 (57) by 0101 (5). 
Shift and sub 



00111001 
10 1 



Quotient 





+0 0010001 


1 


Shift and sub: 


10 1 






-11111101 





Shift and add: 


10 1 






00000111 


1 


Shift and sub: 


10 1 





+0 0000010 1 

Answer: Quotient 1011 (11) remainder 0010 (2). 

INDICATORS: The Overflow indicator is turned ON if 
a divide-by-zero operation is attempted or if a quotient- 
overflow condition is detected. A quotient overflow 
occurs when the factors are such that the quotient 
would exceed the range of -2^5 to +2^^ -1. An over- 
flow condition leaves the accumulator and its extension 
in an undefined state. 
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One— Word Instruction 

• Divide A and Q by C(EA) . 



Hexadecimal 


Effective 


Representation 


Address 


A8XX 


I + Disp 


A9XX 


XRl + Disp 


AAXX 


XR2 + Disp 


ABXX 


XR3 + Disp 



Two— Word Instruction, Direct Address 
• Divide A and Q by C(EA) , 



Hexadecimal 
Representation 

ACOOXXXX 
ADOOXXXX 
AEOOXXXX 
AFOOXXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two— Word Instruction, Indirect Address 

• Divide A and Q by C(EA) . 

Hexadecimal Effective 

Representation Address 



AC80XXXX 
AD80XXXX 
AE80XXXX 
AF80XXXX 



Logical AND (AND) 



OP FT Disp 15 



C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



^^^^° 





, 


1 1 1 1 1 i 1 



0-3 




• AND the word specified by the effective address 
with the word in the accumulator. 

• Positions in the accumulator that have a match- 
ing bit in the core storage word are left on; all 
other accumulator positions are reset. 

• Core storage is not changed. 

• Modifier bit 9 = 1 selects auxiliary storage 
section of addressed core storage module. 

• Reference CC60191. 

DESCRIPTION: The contents of the core storage 
location specified by the instruction are ANDed bit 
by bit with the contents of the accumulator. The 
following table defines the AND operation. 



AND 



Memory 


1 


1 








Accum 


1 





1 





Resulf 


1 












The result replaces the contents of the accumula- 
tor. Core storage remains unchanged. 

One-Word Instruction 

• AND C(EA) with A. 



Hexadecimal 


Effective 


Representation 


Address 


EOXX 


I + Disp 


EIXX 


XRl + Disp 


E2XX 


XR2 + Disp 


E3XX 


XR3 + Disp 



Two— Word Instruction, Direct Address 



AND C(EA) with A. 



Hexadecimal 
Representation 

E400XXXX 
E500XXXX 
E600XXXX 
E700XXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 
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Two-Word Instruction, Indirect Address 
• AND C (E A) with A. 
Hexadecimal 



Representation 

E480XXXX 
E580XXXX 
E680XXXX 

E780XXXX 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



Logical OR (OR) 



OP FT 



Disp 



Oil 



OP 



8-B 



F T ^A^O Cond 



Address 



1,1,1,0,1|1| , I |0|0,0,0,0,0,0| , I I I M I M I I I I I I 



C-F 



or 8 



• OR the word specified by the effective address 
with the word in the accumulator. 

® "Bits" in the accumulator remain on; "bits" in 
the core storage word turn on associated bits 
in the accumulator; all other positions remain 
off. 

• Core storage is not changed. 

Modifier bit 9 = 1 selects auxiliary storage 
section of addressed core storage module. 

9 Reference CC60191. 



One— Word Instruction 



OR C(EA) with A. 



Hexadecimal 


Effective 


Representation 


Address 


E8XX 


I + Disp 


E9XX 


XRl + Disp 


EAXX 


XR2 + Disp 


EBXX 


XR3 + Disp 



Two-Word Instruction, Direct Address 
• OR C(EA) with A. 



Hexadecimal 
Representation 

ECOOXXXX 
EDOOXXXX 
EEOOXXXX 
EFOOXXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two— Word Instruction, Indirect Address 



OR C(EA) with A. 

Hexadecimal 
Repre sentation 

EC80XXXX 
ED80XXXX 
EE80XXXX 
EF80XXXX 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



DESCRIPTION: The contents of the core storage loca- 
tion specified by the instruction are ORed bit by bit 
with the contents of the accumulator. The following 
table defines the OR operation: 



OR 



Memory 


1 


1 








Accum 


I 





1 





Resulf 


1 


] 


1 






I 17178 I 



The result replaces the contents of the accumula- 
tor. Core storage remains unchanged. 



Logical Exclusive OR (EOR) 



OP FT Disp 



1,1,1,1,0 





-JL_ 


1 1 1 I 1 1 1... 



0-3 



OP F T ^A^O cond ,50 
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• Exclusively OR the word specified by the effective 
address with the word in the accumulator. 

• "Bits" in the accumulator without matching bits 
in the core storage word, remain on. 

• "Bits" in the accumulator, with matching bits in 
the core storage word, are turned off. 

• "Bits" in the core storage word without matching 
bits in the accumulator word, turn on accumula- 
tor bits. 

• All other accumulator positions remain off. 

• Core\ storage remains unchanged. 

• Modifier bit 9 = 1 selects auxiliary storage 
section of addressed core storage module. 

• Reference CC60191. 

DESCRIPTION: The contents of the core storage lo- 
cation specified by the instruction are Exclusive 
ORed bit by bit with the contents of the accumulator. 
The following table defines the Exclusive OR operation: 

Exclusive OR 



Memory 


1 


1 








Accum 


1 





1 





Result 





1 


1 






The result replaces the contents of the accumulator. 
Core storage remains unchanged. 

INDICATORS: The Carry and Overflow indicators 
are not changed by this operation. 

One— Word Instruction 

• Exclusively OR C(EA)withA. 



Hexadecimal 


Effective 


Representation 


Address 


FOXX 


I + Disp 


FIXX 


XRl + Disp 


F2XX 


XR2 + Disp 


F3XX 


XR3 + Disp 



Two— Word Instruction, Direct Address 
• Exclusively OR C(EA) with A. 



Hexadecimal 
Representation 

F400XXXX 
F500XXXX 
F600XXXX 
F700XXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two— Word Instruction, Indirect Address 
• Exclusively OR C(EA)withA. 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



Hexadecimal 
Representation 

F480XXXX 
F580XXXX 
F680XXXX 
F780XXXX 

SHIFT OPERATIONS 

• All shift instructions are single word format 
only (F = 0) . 

• Index registers or displacement specify number 
of shifts required. 

• If the shift count is zero , the instruction performs 
as a No -Op . 

• Shift instructions are divided into classes by Op 
code and into subclasses by bit positions 8 and 9. 

Shift instructions are divided into two major classes: 
Shift Left and Shift Right* These major classes are 
defined by the operation code of the instruction. Each 
of these major classes is divided into subclasses. 
These subclasses are defined by decoding bits 8 and 
9 of the instruction (Figure 3-12). 

The location of the shift count is defined by the 
TAG bits of the instruction (Figure 3-13). 

Shift Left Logical A (SLA) 

OP FT Disp ,5 



0,0,0,1,0 





1 


^1^1 1 1 1 1 1 



1 0-3 0-3 



X 

|17182A| 



Shift the accumulator bits to the left the number 
of positions specified by the shift count. 
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INSTRUCTION 


B8 


B9 


Shift Left (Code 02) 






Shift Left A 








Shift Left A & Q 


1 





Shift Left and Count A 





1 


Shift Left and Count A & Q 


1 


1 


Shift Right (Code 03) 






Shift Right A 








Shift Right A&Q 


1 





Rotate Right A&Q 


1 


1 



124041 I 



Figure 3-12. Shift Instruction Modifiers 



• Fill all vacated positions of the accumulator 
with zeros. 

• Shift bits out of high-order of the accumulator in- 
to the Carry indicator. 

• Core storage and the accumulator extension are 
not changed by the instruction. 

• If the shift count is zero , the instruction performs 
a No-Op. 

• Reference CC60121. 

The accumulator (A) is shifted left the number of 
spaces specified by the Shift Count. Vacated bit posi- 
tions are set to zero. Bits leaving the high-order (bit 
of A) position are shifted into the Carry indicator. 
(See Indicators below.) The extension (Q) is not af- 
fected. Note that bit positions 8 and 9 must be 00. 

INDICATORS: The Carry indicator is turned on for 
each one and off for each zero shifted left from the 
high-order position of A. The Overflow indicator 
is unaffected. 



Tag 


Shift Count Determined By: 


00 


Low-Order 6 Bits of DIsp 


01 


Low-Order 6 Bits of XRl 


10 


Low-Order 6 Bits of XR2 


n 


Low-Order 6 Bits of XR3 




|17181 1 



Figure 3-13. Shift Count Location 



Hexadecimal Representation 
One-Word Instructions (Only) 

10*X Contents of A shift left the number of 

shift counts in DISP . 
1100 Contents of A shift left the number of 

shift counts in XRl . 
1200 Contents of A shift left the number of 

shift counts in XR2 . 
1300 Contents of A shift left the number of 

shift counts in XR3 . 

*The third from the high order position can be 0, 1, 
2, or 3, depending on the value of the shift count. 

Shift Left Logical A&Q (SLT) 



OP 



F T 



Disp 



0,0,0,1.00 




^0l 1 1 1 1 1 



0-3 



8-B 



[17184 A| 



• Shift the accumulator and its extension to the 
left the number of positions specified by the 
shift count. 

• Fill all vacated positions of the accumulator and 
its extension with zeros. 

9 Shift bits out of high-order of the accumulator in- 
to the Carry indicator. 

• Core storage is not changed. 
« Reference CC60121. 

The accumulator (A) and its extension (Q) are shifted 
left as a 32-bit double precision register. Vacated 
bit positions are set to zero. Bits leaving the high- 
order position (bit position of A) are shifted into the 
Carry indicator. 

INDICATORS: The Carry indicator is turned on for each 
one and off for each zero shifted left from high-order 
position of A. The Overflow indicator is unaffected. 

Hexadecimai Representation 

One-Word Instructions (Only) 

lOtX Contents of A and Q shift left the number 

of shift counts in DISP. 
1180 Contents of A and Q shift left the number 

of shift counts in XRl . 
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1280 Contents of A and Q shift left the number 

of shift counts in XR2. 
1380 Contents of A and Q shift left the number 

of shift counts in XR3 . 

tThe third from the high-order position can be 8, 9, 
A, or B depending on the value of the shift count. 

Shift Left and Count A (SLCA) 




• If TAG bits = 00, this instruction performs like 
a Shift Left A instruction. 

• If TAG bits ^ 00, shift the accumulator to the left, 
one position at a time. 

• Stop shifting when a 1 bit is detected in Bit posi- 
tion of the accumulator if SC 7^ or when the shift 
counter is decremented to zero. 

• Set all vacated positions to zero. 

9 Carry indicator is turned on at the end of the 
operation if SC 7^ . 

• Overflow indicator is not effected. 

e Hexadecimal Op codes for this instruction are: 
lO(NoXR), 11 (XE-1), 12 (XR-2), 13 (XR-3). 

9 Set shift counter remainder into addressed index 
register position 8-15. 

• Reference CC60121. 

A TAG of 00 causes this instruction to be performed 
as a Shift Left A instruction. A TAG specifying one 
of the index registers causes the shift count to be 
transferred from the low-order six bits of the speci- 
fied register to the shift counter. This count is decre- 
mented by one for each position that the contents of 
the accumulator (A) are shifted to the left. Vacated 
bit positions are set to zero. 

The shift terminates either when an attempt is 
made to shift a one from the high-order position of A 
(the 'U" remains in the high-order position after the 
instruction has terminated) or when the shift count 
has been decremented to zero. The decremented 
count is then loaded back into the six low-order bit 
positions of the index register (bits 10-15) and bits 8 
and 9 are reset to zero. Bit positions 0-7 of the 



index register remain unchanged at completion of the 
instruction. If the shift count is initially zero or if 
the high order position of the accumulator (Bit 0) is 
initially a one bit, the instruction performs as a No- 
Op. 

INDICATORS : The Carry indicator will be OF F at the 
end of the operation if the shift is terminated by the 
detection of the count reaching zero . The Carry in- 
dicator will be ON at the end of the operation if the 
shift is terminated by the detection of a 1 in bit of 
the accumulator before the shift count reaches zero. 
If T = 00 the Carry indicator is set as in Shift Left 
instruction. The Overflow indicator is unaffected. 

SLCA EXAMPLES: For the four examples below, as- 
sume the Index register was previously loaded by an 
LDX instruction. Only the low-order bit positions 
(10-15) of the Index register (XR) are shown and only 
the high-order bit positions (0-5) of the accumulator 
(A) are shown. Those bit positions containing an X 
can be zero or one . 

Example Number 12 3 4 



XR before SLCA 


000011 


000100 


000101 


000110 


XR after SLCA 


000000 


000000 


000001 


000010 


A before SLCA 


OOOOIX 


OOOOIX 


OOOOIX 


OOOOIX 


A after SLCA 


010000 


100000 


100000 


100000 


Carry Indicator 










after SLCA 


OFF* 


OFF* 


ON** 


ON** 



*If no one bits were contained in the field defined by 
the Index register (Examples 1 and 2) , the program 
can determine the value of accumulator bit only 
by testing the accumulator sign. (Carry Indicator 
is OFF and the Index register is zero.) 
**If a one bit was contained in the field defined by the 
Index register (Examples 3 and 4) , the SLCA in- 
struction was terminated when an attempt was made 
to shift the one out of the high order position, leav- 
ing the Carry Indicator ON and the Index register 
at a non-zero condition. (The one bit remains in 
the high-order position.) 

Hexadecimal Representation 
One-Word Instructions (Only) 

10#X Contents of A shift left the number of 

shift counts in DISP. 
1140 7^ Contents of A shift left the number of 

shift counts in XRl. 
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1240 T^Contents of A shift left the number of 

shift counts in XR2. 
1340 /^Contents of A shift left the number of 

shift counts in XR3. 

# The third from the high -order position can be 4, 5, 
6, or 7, depending on the value of the shift count. 

j^ These instructions are terminated either when an 
attempt is made to shift a one bit from the high- 
order position of the accumulator (with a non-zero 
shift count remaining) or when the shift count has 
been decremented to zero. 

Shift Left and Count A & Q (SLC) 



OP 



F T 



Disp 



0|0,0,1,0 





-J- 


1 1 1l 1 1 1 1 1 



X 

117187./' 



If TAG bits = 00 , this instruction performs like 
a Shift Left A & Q instruction. 

If TAG bits i=- 00 , shift the accumulator and its 
extension to the left one position at a time. 

Bits shifted out of the high-order position of the 
extension are transferred into the low-order posi- 
tion of the accumulator . 



INDICATORS: The Carry indicator will be OFF at the 
end of the operation if the shift is terminated by the 
detection of the count reaching zero. The Carry in- 
dicator will be ON at the end of the operation if the 
shift is terminated by the detection of a 1 in the bit 
zero position of the accumulator before the shift count 
reaches zero. If T = 00 the Carry indicator is set 
as in Shift Left instruction. 

The Overflow indicator is unaffected. 

Hexadecimal Representation 

One-Word Instructions (Only) 

10 *X Contents of A and Q shift left the num- 
ber of shift counts in DISP. 

IICO **Contents of A and Q shift left the num- 
ber of shift counts in XRl . 

12C0 **Contents of A and Q shift left the num- 
ber of shift counts in XI12 . 

13 CO Contents of A and Q shift left the number 
of shift counts in XR3 . 

*The third from the high -order position can be C, 
D, E, or F, depending on the value of the shift 
count. 
**These instructions are terminated either when an 
attempt is made to shift a one bit from the high- 
order position of the accumulator (with a non-zero 
shift count remaining) or when the shift count has 
been decremented to zero. 



% Stop shifting when shift counter is decremented 
to zero or when a "one" bit is detected in the 
high -order position of the accumulator. 

• Set shift counter remainder into addressed index 
register. 

• Set all vacated positions to zero. 

• Carry indicator is turned on at the end of the 
operation if SC ?^ . 

• Overflow indicator is not affected. 

• Reference CC60121. 

This instruction is the same as the Shift Left and 
Count A except that both the accumulator (A) and its 
extension (Q) are shifted. Bit position of Q is 
shifted into bit position 15 of A and vacated positions 
at the right of Q are set to zero. 



Shift Right Logical A (SRA) 

OP FT Disp 



0,0,0,1,1 





...J— 


°1° 



1 



8-B 



0-3 



Shift the accumulator bits to the right the num- 
ber of positions specified by the shift count. 

Fill all vacated positions of the accumulator with 
zeros. 

Low -order bits of the accumulator are lost. 

Core storage and the accumulator extension 
are not changed by this instruction. 

Reference CC60131. 
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Hexadecimal Representation 



Rotate Right A & Q (RTE) 



One -Word Instructions (Only) 

18*X Contents of A shift right the number of 

shift counts in DISP. 
1900 Contents of A shift right the number of 

shift counts in XRl. 
lAOO Contents of A shift right the number of 

shift counts in XR2. 
IBOO Contents of A shift right the number of 

shift counts in XR3. 

*The third from the high-order position can be 0, 1, 
2, or 3, depending on the value of the shift count. 

Shift RightA&Q(SRT) 



• Rotate the accumulator and its extension to the 
right. 



OP FT 



Disp 



0,0,0,1,1 





1 


1|0| 1 1 1 1 1 




• Shift the accumulator and its extension to the 
right the number of positions specified by the 
shift count. 

e The accumulator and extension are shifted right 
as a 32-bit double precision register. 

• Fill all vacated positions with the sign of the ac- 
cumulator (1 bit if negative, bit if positive). 

• Low-order bits of the accumulator extension are 
lost. 

• Core storage is not changed. 

• Reference CC60131. 
Hexadecimai Representation 
One -Word Instruction (Only) 

18tX Contents of A and Q shift right the num- 
ber of shift counts in DISP. 

1980 Contents of A and Q shift right the num- 
ber of shift counts in XRl . 

1A80 Contents of A and Q shift right the num- 
ber of shift counts in XR2 . 

1B80 Contents of A and Q shift right the num- 
ber of shift counts in XR3 . 

tThe third from the high-order position can be 8, 9, 
A, or B, depending on the value of the shift count. 



OP FT 



Disp 



15 



0,0,0,1,1 





1 


^^ 1 1 1 1 L. 



1i7190a1 

• Bits from position 15 of the accumulator are 
transferred to position of the extension. 

• Bits from position 15 of the extension are trans- 
ferred to position of the accumulator. 

• Carry and Overflow indicators are unaffected. 

• Core storage is not changed. 

• If SC = 16 or 48, exchange A and Q. 

• Reference CC60131. 

DESCRIPTION: The accumulator and extension 
are rotated to the right as a 3 2 -bit double pre- 
cision register the number of bit positions 
specified by the shift count. Bit position 15 
of the extension is linked to bit position of 
the accumulator to form a continuous loop so 
that the high-order positions of the accumulator 
pick up the bits dropped from the low-order 
position of the extension. 

Hexadecimal Representation 

One Word Instruction (Only) 

18#X Contents of A and Q rotate right the num- 
ber of counts in DISP. 

19C0 Contents of A and Q rotate right the num- 
ber of counts in XRl . 

lACO Contents of A and Q rotate right the num- 
ber of counts in XR2 . 

IBCO Contents of A and Q rotate right the num- 
ber of counts in XR3 . 

#The third from the high-order position can be 
C, D, E, or F, depending on the value of the 
shift count. 
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BRANCH AND SKIP OPERATIONS 

• Branch instructions are used in a program to 
permit alteration of the sequential execution of 
the program. 



Branch or Skip on Condition (BSC or BOSC) 



OP FT 



Disp 



0,1,0,0,1 





0,0 


°l 1 



0-7 



OP F T A Cond 15 6 



Address 



OiliOiOilh 



I I I 



I I I 



I I 



C-F 



9 If F = 0: skip next sequential instruction if any 
specified condition is present. 

® If F = 1: branch to the instruction at the location 
specified by the ADDRESS if no specified condi- 
tion is present. 

® Must be sequentially followed by a single -word 
instruction if this instruction is a single word. 

• Core storage and accumulator extension are not 
changed by this instruction. 

• Overflow indicator is reset if tested. 
e Carry indicator is not reset. 

9 Accumulator is not changed by testing. 

• Six conditions associated with the accumulator 
can be tested. 

• Reference CC60152. 

There are six testable conditions associated with the 
accumulator., These conditions may be tested by the 
desired bit pattern in the DISPLACEMENT of the in- 
struction. 

The six accumulator conditions that can be tested 
are shown by bit position in Figure 3-14. 

When F = , the instruction executed is a Skip on 
Condition when one or more of the conditions specified 
is true. This enables the program to skip over the 



next one word instruction. If none of the conditions 
specified are true, the next instruction in sequence 
is executed. 



Displacemenf- 


Condition 


Bit Position 


Tested 


15 


Overflow Indicator Off 


14 


Carry Indicator Off 


13 


Accumulator Even 


12 


Accumulator Plus (>0) 


11 


Accumulator Negative (<0) 


10 


Accumulator = Zero 



Figure 3-14. Test Conditions 

When F = 1, the instruction executed is a Branch 
to the Effective Address (EA) when none of the condi- 
tions specified are true. If any one of the conditions 
specified in bit positions 10-15 is true, the next in- 
struction in sequence is executed. Examples are 
shown in Figure 3-15. 

The EA is calculated as follows: 



F = l IA=0 T = 00 
T = 01 
T = 10 
T = 11 



EA = ADDR 
EA = XRl + ADDR 
EA = XR2 + ADDR 
EA = XR3 + ADDR 



Bit Positions: 


10 


n 


12 


13 


Skip 


Branch 


ACC Conditions: 


Zero 


Minus 


Plus 


Even 


(F=0) 


(F=l) 




fl 


1 


1 





Always 


Never 
















Never 


Always 










1 





Plus 


Not Plus 


Test 


1 


1 








Not Plus 


Plus 


Conditions -< 





1 








Minus 


Not Minus 




1 





1 





Not Minus 


Minus 




1 











Zero 


Not Zero 







1 


1 





Not Zero 


Zero 













1 


Even 


Odd 










1 


1 


Even or 
Plus 


Odd and 
Minus 




^0 


1 





1 


Even or 
Minus 


Odd and 
Plus 



Notes: 1, ACC Zero IS NOT a plus condition, 

2, Skip and Branch columns specify action or ACC condition 
required for Skip or Branch* 

3. Skip on Odd condition. Carry ON, or Overflow ON are 
not possible. 



117441 A I 



Figure 3-15. BSC Examples 
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When the lA bit is equal to a one (lA = 1) , this 
instruction enables the program to return to a main- 
line program from a program subroutine of interrupt 
routine . This is accomplished by making the E A of 
this instruction identical to the EA of a previously 
executed Branch and Store Instruction Register (BSI) 
instruction. The EA as calculated below is loaded 
into the Instruction register. 

F=l IA = 1 T=00 EA = C(Addr) 

T = 01 EA = C(Addr + XRl) 

T = 10 EA = C(Addr + XR2) 

T = 11 EA = C(Addr + XR3) 



PROGRAMMING NOTE : When an interrupt request has 
been detected by a priority level , the program is 
directed to service the request by inter ri5)ting. Dur- 
ing the servicing, all interrupt requests of equal or 
lower status are effectively delayed from inter- 
rupting while the servicing of the higher priority is in 
progress. However, if a request is detected for a 
higher priority level than is presently in progress , 
the program is immediately interrupted again. This 
is frequently called Nesting of Interrupts. 

At the completion of servicing any level of inter- 
rupt, it is necessary to signal the priority hardware 
to reset the priority -status of the highest level that is 
on. This reset permits lower priority requests that 
may have been temporarily inhibited but recorded 
to be accepted once again by the P-C. This is effected 
by making Bit 9 = 1 in the BSC instruction. A BSC 
instruction with Bit 9 = 1 is called a Branch Out of 
Interrrupts (BOSC). This programmed recognition 
of waiting interrupts should not be confused with a 
normal subroutine linkage back to a mainline program 
in which Bit 9 should be set to zero. 

The BSC is a conditional instruction. When Bit 
9=1, the reset of the interrupt level occurs only if 
the Branch or Skip occurs. If the Branch or Skip 
does not occur, the interrupt level is not reset. 

INDICATORS: The Overflow indicator is reset when 
tested. The Carry indicator is not reset by testing. 
The contents of the accumulator are not changed by 
testing. If no conditions are specified, a Skip does 
not occur on the Skip instruction (F = 0) or a 
branch does occur on the Branch instruction (F = 1) . 



One— Word Instruction 

48 *X Skip the next one-word instruction if 

any specified condition is sensed. 



*The third from the high-order position can be , 1 , 
2, or 3 (BSC) or 4, 5, 6, or 7 (BOSC), depending on 
the conditions being tested. 

Two— Word Instruction, Direct Addressing 
• Branch to EA on NO condition. 



Hexadecimal 
Representation 

4C#XXXXX 
4D#XXXXX 
4E#XXXXX 
4F#XXXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



#The third from the high-order position can be 0, 1, 
2, or 3 (BSC) or 4, 5, 6, or 7 (BOSC). These hexa- 
decimal values are determined by the conditions 
being tested. 

Two— Word Instruction, Indirect Addressing 

• Branch to EA on NO condition. 



Hexadecimal 
Representation 

4C5^XXXXX 
4D7iXXXXX 

4E;^XXXXX 
4F;^XXXXX 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



^The third from the high -order position can be 8, 9, 
A, B (BSC) or C, D, E, or F (BOSC). These hexa- 
decimal values are determined by the conditions 
being tested. 

Branch and Store Instruction Register (BSI) 



OP 



Disp 



0,1,0,0,0 





1 


1 1 1 1 1 1 1 



0-3 



OP FT ^A^O Cond 



Address 



0,1,0,0,0 


1 


_i- 






1 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 



4-7 



X 

U7193aI 



• Store contents of Instruction register at the 
core storage location specified by the effective 
address. 

• Branch by setting Instruction register to the 
value of the effective address plus one. 
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• If F = , branch and store functions are 
unconditional. 

• If F = 1 , branch and store functions are per- 
formed only if none of the BSC skip conditions 
(Figure 3-15) specified by the displacement are 
present. 

• Overflow indicator is reset if tested. 

• Carry indicator is not reset. 

• Accumulator is not changed by testing. 

• Six conditions associated with the accumulator 
can be tested. 

• Reference CC60151. 

DESCRIPTION: When F = (one wordformat), the con- 
tents of the Instruction register a re stored in the 
core storage location specified by the effective ad- 
dress. The stored address is that of the next in- 
struction in the normal sequence. The Instruction 
register is then set to the value of the effective ad- 
dress plus one , and program execution proceeds 
from that point. For example, a BSI instruction 
located at core storage address 0500, with an ef- 
fective address of 0550, would store the address 
0501 at location 0550 and then branch to 551. 



V 



/' Branch 0550(0501 Stored Here) 

0500 - BSI I \ r > 0551 

0501 ' 



% 



V 



V 



BSC (With Indirecl- Address of 550) 

I 17194A| 

A BSC instruction with an lA bit of one and an 
Address of 0550 would be used to return from the 
subroutine. 



When F = 1 (two word instruction format) , the 
above function is conditionally executed depending on 
the condition bits specified in the displacement. 
These accumulator condition bits are defined in the 
preceding BSC instruction. If any one of the condi- 
tions specified is true , the previously e2q)lained 
branch does not occur. Instead, the next instruction 
in sequence is performed. If none of the conditions 
are true , the Instruction register is stored at the 
effective address (specified by the ADDRESS) and 
the branch is to EA + 1 . 

Internal, CE, and external level interrupts are 
suppressed for the first instruction following a BSI 
instruction. Therefore, the Mask register (See 
Interrupt section) may be set without the possibility 
of an interrupt immediately following the BSI 
instruction. 

INDICATORS: When F = 0, the status of the indicators 
is unchanged. When F = 1, the Overflow indicator is 
reset if tested. 

One— Word Instruction 

9 Store I at EA; branch to EA + 1. 



Hexadecimal 
Representation 


Effective 
Address 


40XX 


I + Disp 


41XX 


XRl + Disp 


42XX 


XR2 + Disp 


43XX 


XR3 + Disp 



Two— Word Instruction, Direct Address 

9 If no condition is true , store I at EA and branch 
to EA + 1. 



Hexadecimal 
Representation 

44*XXXXX 
45*XXXXX 
46*XXXXX 
47*XXXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



*The third from the high-order position can be 0, 1, 
2, or 3, depending on the conditions being tested. 



Two— Word Instruction, Indirect Address 

• If no condition is true, store I at EA and branch 
to EA + 1. 
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Hexadecimal 
Repr e s entation 

44#XXXXX 
45#XXXXX 
46#XXXXX 
47#XXXXX 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



#The third from the high-order position can be 8, 9, 
A, or B, depending on the conditions being tested. 



MDX,F = 0, Tag = 

• Add displacement to I register. 

• Place modified factor back into I register to 
cause an unconditional skip. 

• Requires only one cycle (II). 

• Reference CC60163. 



Modify Index and Skip (IVIDX) 



OP F T 



Disp 



0,1,1,1,0 





1 


-_LJ_.I ,JLJ_1_L., 



OP FT A Cond 15 p Address 



0,l|l,l,0|l| , 



« i I » I I I I I I I I I I I I I I I 



4-7 



X X 



• Modifies the I register, a specified Index regis- 
ter (XR), or a core storage word. 

• The modifying factor can be the Displacement, 
the Address word, or a specified core storage 
word. 

• The following table summarizes the MDX 
functions : 



Format 


Tog 


lA 


Add 


Skip 





00 


_ 


Dlspl. to 1 


Unconditional 





01 




Displ. to XR-1 


Conditional * 





10 


- 


Displ. toXR-2 









11 


- 


Dlspl toXR-3 






1 


00 




Dlspl. to Contents 
of core storage 
(specified by 
Address word) . 






1 


01 





Address word to 
XR-1 






1 


10 





Address word to 
XR-2 






1 


11 





Address word to 
XR-3 






1 


01 


1 


Contents of core 
storage specified 
by Addr. word 
to XR-1 






1 


10 


1 


C(Addr.) to XR-2 






1 


n 1 


C(Addr.) to XR-3 


^ 


r 



The displacement is loaded into the D register , the 
contents of the I register are loaded into the accumu- 
lator, and the factors are added; all as normal II 
cycle functions. The Branch-1 and Branch-2 flip- 
flops cause the modified factor to be transferred 
from the accumulator to the M register and then to 
the I register. The next II cycle will use this 
modified I register thereby effecting an unconditional 
branch. 



MDX,F = 0, Tax ^00 

Add Displacement to specified Index register. 

Place modified factor back into XR. 

Skip the next instruction location if XR reached 
zero or changed sign while being modified. 



* Skip following MDX If modified factor reaches 
zero or changes sign while being modified. 1 24250 | 



Requires only one cycle (II). 
Reference CC60163. 



The Displacement is loaded into the D register , the 
specified XR is loaded into the accumulator , and the 
two factors are added; all normallll cycle functions. 
Branch-1 and Branch-2 causes the modified factor 
to be transferred back into the XR. If during the 
modification the accumulator equals zero or changes 
sign (AG / BO), the I register is advanced one to skip 
the next instruction word in sequence. 

MDX,F=1, Tag = 00 

• Add Displacement to the contents of core storage 
at the location specified by the address word of 
the MDX instruction. 

• Store the modified word back into core storage. 

e Skip the next instruction word if the modified 
word reaches zero or changes sign. 

• Reference CC60164. 
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A normal II cycle is taken except that the add-to- 
stor age -interlock and the Mod-8-bit flip-flops are 
turned on. 

An 12 cycle reads the address word and loads it 
into the accumulator. Add -to -storage causes I and 
M to be exchanged to save the MDX address. Add- 
to -storage -interlock is turned off. 

An lA cycle is taken because the Mod-8-bit flip- 
flop was forced on. The address word, loaded into 
A during 12 cycle is transferred to the M register to 
address the core storage word to be modified. The 
core storage word is loaded into the accumulator 
and the add-to -storage -interlock flip-flop is turned 
on again. 

An El cycle is taken. I and M are again ex- 
changed to restore the MDX instruction address to 
the M register. The Displacement is read from 
core storage , loaded into the D register , and added 
to the core storage word that was loaded into the 
accumulator during lA cycle. 

E2 cycle: I and M are exchanged, I is incre- 
mented if Accum = or if AO ^ BO as determined by 
comparison with the BO latch. The modified factor 
in the accumulator is transferred to the B register 
and stored into core storage at its original location 
(EA + 1). The I register is incremented for the next 
instruction. 



Branch-1 and Branch-2 flip-flops are turned on to 
implement the incrementing of the I register if the 
skip condition exists and to transfer the modified 
factor back into the specified XR. If accumulator = 
or AO f BO (BO latch), increment the I register. 

This operation enables the addition , to an Index 
register , of a value greater than that which can be 
represented by the Displacement. 

Hexadecimal Representation 



One -Word Instructions 



70XX 
71XX 
72XX 
73XX 



Add Disp to I (no skip can occur) 
Add Disp to XRl 
Add Disp to XR2 
Add Disp to XRS 



Two-Word Instruction, Bit 8 is 



74XXXXXX 



7500XXXX 
7600XXXX 
7700XXXX 



Add Positive Disp to the contents 

of core storage at Addr (Add to 

memory) 

Add Addr to XRl 

Add Addr to XR2 

Add Addr to XRS 



Two -Word Instruction, Bit 8 is 1 



MDX,F=h Tag ^00 

• If bit 8 (lA) of the MDX instruction word equal 
zero, add the address word to the contents of 
the specified XR. 

• If bit 8 (lA) of the MDX instruction word equal 
one , add the contents at core storage location 
specified by the address word to the contents 
of the specified XR . 



74XXXXXX Add negative Disp to the contents 

of core storage at Addr (Add to 

Memory) 
7580XXXX Add contents of core storage at 

Addr to XRl 
7680XXXX Add contents of core storage at 

Addr to XR2 
7780XXXX Add contents of core storage at 

Addr to XRS 



• Store the modified word back into the specified 
XR. 

• Skip the next instruction word if the modified 
word reaches zero or changes sign. 

• Reference CC60166. 

Normal II and 12 cycles load the address word into 
the D register. If bit 8 of the MDX instruction word 
is a one , an lA cycle is taken to load the D register 
with the core storage word at the location specified 
by the address word. During the (12 cycle, or lA 
if taken , the contents of the specified XR are loaded 
into the accumulator and the two factors are added. 



Wait (WAIT) 



OP FT Disp 15 



0,0,1,1,0 





0,0 


0,0,0,0,0,0,0,0 



3 



• One word format only. 

• Turns off the run flip-flop, stops clock advance 
pulses. 

• The run flip-flop can be turned back on by a 
manual start or an interrupt. 
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• Cycle steal operations can function in the wait 
condition. 

• Reference CC60141. 

This instruction is a one word format instruction 
only. The P-C stops in a wait condition with the I 
register stepped to the wait instruction plus one. 
It can be restarted manually or by detection of an 
interrupt. Following completion of an interrupt 
subroutine, the instruction immediately following the 
Wait instruction is executed if the Branch Out of 
Interrupt (BOSC) is the normal indirect subroutine 
linkage. Data channel and Timer operations continue 
during the wait condition. 

Hexadecimal Representation 

One-Word Instruction (only) 

3000 WAIT until manual start or until com- 

pletion of an interrupt subroutine 

Compare (CMP) 



OP F T Disp 15 



1.0.1,1.0 





1 


1 1 1 1 1 1 1 



0-3 



OP FT A°0 Cond 



Address 



l|0,1.1,0|l| , I |0|0,0,0,0,0,0| , ... 1 ....... 1 . , 

B 4-7 or 8 X X X X 



• The word in the accumulator is algebraically 
compared with the word in core storage specified 
by the effective address. 

• The contents of the accumulator remain 
unchanged. 

• Core storage remains unchanged. 

• The Overflow indicator is unaffected. 

• The Carry indicator may be changed by this 
operation. 

• Reference CC60185. 

The I register is modified according to the result of 
the comparison as follows : 



Compare Result I Register Modification 



A > C(EA) 
A < C(EA) 
A = C(EA) 

One-Word Instruction 

• Compare A with 

Hexadecimal 
Representation 

BOXX 
BIXX 
B2XX 
B3XX 



I = I 
1=1 + 1 
1 = 1 + 2 



C(EA). 



Effective 
Address 

I + Disp 
XRl + Disp 
XR2 + Disp 
XR3 + Disp 



Two-Word Instruction, Direct Address 
• Compare A with C(EA) . 



Hexadecimal 
Representation 

B400XXXX 
B500XXXX 
B600XXXX 
B700XXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two-Word Instruction, Indirect Address 
• Compare A with C(EA) . 



Hexadecimal 
Representation 

B480XXXX 
B580XXXX 
B680XXXX 
B780XXXX 



Double Compare (DCM) 



OP FT Disp 15 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



Oili 111 



B 8-B 



I.B^ 



OP F T A Cond 15 



Address 



l|0|l|l|l|l| I I |0|0, 0,0, 0.0,01 , , I , , I I 



C-F or 8 



1 I « 



X 

|l7174 b| 
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• EA must be even. 

9 The 32-bit word in the accumulator and the 
extension register is compared with the 32-bit 
word at the core storage location specified by 
EA andEA + 1. 

• The contents of A and Q remain unchanged. 
9 Core storage remains unchanged. 

• The Overflow indicator is unaffected. 

• The Carry indicator may be changed. 

• Reference CC60187. 

The Instruction Register is modified according to 
the result of the comparison as follows : 



Compare Result 

A, Q > C(EA) , C(EA + 1) 
A, Q< C(EA) , C(EA + 1) 
A, Q = C(EA) , C(EA + 1) 



I Register 
Modification 

I = I 

1 = 1 + 1 

1=1 + 2 



One— Word Instruction 

• Compare A and Q with C(EA and EA + 1) . 



Hexadecimal 


Effective 


Representation 


Address 


B8XX 


I + Disp 


B9XX 


XRl + Disp 


BAXX 


XR2 + Disp 


BBXX 


XR3 + Disp 



Two— Word Instruction, Direct Address 
m Compare A and Q with C(EA and EA + 1) 



Hexadecimal 
Representation 

BCOOXXXX 
BDOOXXXX 
BEOOXXXX 
BFOOXXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two-Word Instruction, Indirect Address 

• Compare A and Q with C(EA and EA + 1) 



Hexadecimal 
Representation 

BC80XXXX 
BD80XXXX 
BE80XXXX 
BF80XXXX 



EXECUTE I/O (XIO) 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



OP FT 



Disp 



0,0,0,0,1 





, 


lilt .1 1 1 



8-B 



I.B^ 



OP F T A Cond 15 



Address 



0,0,0,0.l|l| , I |0|0,0.0.0.0,0| ,.,....,..,.... 
C-F 0or8 X X X X 

I 17199 b" 



m Effective Address must be an even address for 
proper operation. 

• XEO instruction addresses a two-word I/O 
Control Command (lOCC) which selects the I/O 
device, specifies the function to be performed, 
and provides the data address. 

• XIO operations are performed by either direct 
program control or by a data channel . 

• Reference CC60111. 

This instruction is used for all I/O operations; it may 
be either one or two words in length, as specified by 
the F-bit. In the two -word instruction, the address 
is either a direct or indirect address, as specified 
by the lA bit. For proper operation, the effective 
address must be an even address. The effective 
address is used to select a two -word I/O control 
command (lOCC) from storage. 

Internal, trace, CE, and external interrupts 
are suppressed for the first instruction following an 
XIO instruction. Therefore, the mask register (See 
Interrupt section) may be set without the possibility 
of an interrupt. 



One— Word Instruction 



Execute lOCC at EA and EA + 1. 
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Hexadecimal 


Effective 


Representation 


Address 


08XX 


I + Disp 


09XX 


XRl + Disp 


OAXX 


XR2 + Disp 


OBXX 


XR3 + Disp 



Two— Word Instruction, Direct Address 
• Execute lOCC at EA and EA + 1. 



Hexadecimal 
Representation 

OCOOXXXX 
ODOOXXXX 
OEOOXXXX 
OFOOXXXX 



Effective 
Address 

Addr 

Addr + XRl 
Addr + XR2 
Addr + XR3 



Two— Word Instruction, Indirect Address 



Execute lOCC at EA and EA + 1. 



Hexadecimal 
Representation 

0C80XXXX 
0D80XXXX 
0E80XXXX 
0F80XXXX 

I/O Control Commands 



Effective 
Address 

C(Addr) 
C(Addr + XRl) 
C(Addr + XR2) 
C(Addr + XR3) 



Address 
-Even Location - 



Area Function Modifier 
Odd Location 



The I/O control command (lOCC) consists of an 
address word at EA and a control word at EA + 1. 
The control word, consisting of the area, function, 
and modifier , is placed on the out bus first - during 
the E-1 cycle. The area, function, and modifier 
bits are decoded at each l/O device to set up the 
necessary controls for the operation. 



Function 

The following eight basic I/O functions can be speci- 
fied by the three -bit function code. 



Code Function 

000— CE Mode 

This command 'places the selected 
device in the CE mode if modifier 
bit 15 is a one; it removes the de- 
vice from the CE mode if bit 15 
is a zero. The CE mode indicates, 
through the DSW, that the device is 
being checked by one of the diagnos- 
tic features. 

The CE mode also causes the de- 
vice to interrupt on the CE -interrupt 
level (lowest priority) rather than on 
the assigned level. 

001— Write 

This code is used to transfer a sin- 
gle word from core storage to an 
I/O unit. The address of the core 
storage location is provided by the 
Address field of the I/O Control 
Command. 

010— Read 

This code is used to transfer a single 
word from an I/O unit to core storage. 
The address of the core storage loca- 
tion is provided by the Address field 
of the I/O Control Command. 

Oil — Sense Interrupt 

This code directs the I/O devices 
requesting interrupt recognition on 
the interrupt level specified by the 
Modifier field of the I/O Control Com- 
mand to make their interrupt status 
available . 

100— Control 

This code causes the selected device 
to interpret the Modifier or Address 
field as a specific control action, 

101— Initialize Write 

This code initiates a Write opera- 
tion on a device or unit which will 
subsequently make data transfers 
from core storage via a Data Channel. 

110 — Initialize Read 

This code initiates a Read operation 
from a device or unit which will sub- 
sequently make data transfers to core 
storage via a Data Channel . 

111 — Sense Device 

This code directs the selected device 
to make its current indicator status 
available for automatic placement 
into the P-C Accumulator. 
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Area 

This five-bit field specifies the device to be used in 
the I/O operation. In some cases, the area specifies 
a group of devices (magnetic tape units, printers, 
etc.), and the modier field then designates the spec- 
ific device. 

Modifier 

This field is used to extend or qualify the meaning of 
the area or function codes. 

Address 

The address word is read from core storage during 
the E-2 cycle. 

The meaning of this 16-bit field is dependent 
upon the function of the l/O control command and the 
device adapter. Some examples are: 

1. If the function is Initialize Write (101) or Ini- 
tialize Read (110), the Address specifies the 
starting address of a table in storage (an I/O 
Block) . This table contains data words and con- 
trol information. Initialize Write and Initialize 
Read functions are used only with data channel 
control . 

2. If the function is Control (100), and the Area 
specifies a disk storage device, the Address 
indicates the number of tracks the access must 
be moved. 

3. If the function is Sense Device (111) or Sense 
Interrupt (Oil), the Address field is ignored. 
Instead, an increment of time, equivalent to a 
core storage cycle, is taken during which the 
selected I/O device or interrupt level places its 
status code into the P-C accumulator. 

4. If the function is Write (001) or Read (010) , the 
Address specifies the core storage location of 
the data word. These functions are used only 
with direct program control. The basic differ- 
ences between a direct program control opera- 
tion and a data channel operation are shown in 
Figure 3-16. 

Direct Program Controlled Operation 

• Initiated by an Execute I/O (XIO) instruction 
with an I/O control command (lOCC) function of 
Control, Sense Interrupt, Sense Device, Read, 
or Write. 



Cycle 



Direct- Program Control 



E-1 Transfer Control Word to 
I/O Adapter 



E-2 



E-3 



Cycle 
Steal 



Address word to Accumulator 



Transfer data word to or 
from I/O Adapter using M 
register address . Op 
complete. Interrupt to 
I/O subroutine for 
subsequent data word transfers 



None 



Data Channel 



Same 



Address word to 
Channel Address 
Register (CAR). 
Terminate Op. 



None 



Transfer data word 
to or from I/O 
Adapter using CAR 
address . Take C .S . 
cycles when needed 
for subsequent data 
word transfers . 



I 24251 I 



Figure 3-16. Direct Program Control and Data Channel Operations 



• Each data transfer or control operation requires 
an individual XEO instruction. 

• The P-C channel data flow of a direct program 
controlled operation is shown in Figure 3-17. 

I/O devices operating under direct program control 
in the 1800 system include: 



Console Bit Switches 
Analog Input 
Digital Input 
Analog and Data Output 



1816 Printer Keyboard 

1053 Printer 
1627 Plotter 

1054 Paper Tape Reader 

1055 Paper Tape Punch 

Read/Write Function 



When the function specified is a read or write , the 
address word provides the storage address, from or 
to which data will be transferred. At the conclusion 
of the storage cycle for data transfer, the XEO instruc- 
tion is terminated and the next sequential instruction 
is executed, 

I- CYCLE: Loads the accumulator with the effective 
address (see I cycle description). An XIO effective 
address (EA) must be an even address. 
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Gate B Reg 



^ 



Gate In Bus- 
in Bus ( 



LT 



OR 



CTlOl 



Core 
Storage 



B Register 



To D Reg 
(CPU Ckts) 

Channel Bus to B Reg- 
Channel Data Bus 



AR 



Out Bus 



CT811 



Bits 5,6,7 



XIO Control Cycle 
T5 or X5 



CR241 



Bits 0-4 



XIO Control Cycle — | A 
T3orX3 



Channel 
Function Reg 



CR241 



CR221 



Bits 8,9,10 



Bits 8,9,10 



To 
Interrupt Ckts 
Interval Timers 
Channel Address Register 
I/O Monitor Interface 



Area Zero 
Unit Select 

Program Int. 

Mask Reg 

Program Switches 

Bit Switches 

Interval Timers 

Console Int 

Oper Monitor 



CR231 



124219 



Figure 3-17. Basic Channel Data Flow 
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El- CYCLE: Transfers EA to the M register and 
forces on the M^^ bit. This causes the core storage 
location at EA + 1 (odd address) to be selected. The 
word at this location is loaded into the B register. 
This word (EA + 1) is the control word of the l/O 
control command; it contains the area, function, and 
modifier bits. It is placed on the out bus to be 
analyzed by the l/O adapters. 

E 2- CYCLE: Loads the accumulator with the address 
word portion of the lOCC (located at EA) . 



adapter. Some I/O adapters use this cycle to per- 
form a particular control function, 

E2- CYCLE: Certain l/O adapters interpret the Ad- 
dress Word at EA to determine the particular function 
and initiate that function during this cycle . For other 
I/O adapters, this may be a dummy cycle. 

E3-CYCLE : Not used with a Control function. 

Sense Interrupt 



E3-CYCLE: Transfers the address word from the 
accumulator (loaded during E2 Cycle) to the M reg- 
ister. Using this M register address, the data word 
is transferred to or from the I/O adapter via the out 
or in bus. 

Normally, transmission of several words is 
required to complete the data or message transfer. 
This is accomplished by allowing the P-C to respond 
to an interrupt request from the device when the de- 
vice cycle has been completed and a subsequent data 
word is required. At an appropriate time, the P-C 
acknowledges the interrupt, identifies the request 
with a particular device , and by another XIO instruc- 
tion, transmits the next sequential word of the mes- 
sage as specified by the lOCC. 

It is the responsibility of the program subroutine 
answering the device interrupt request to modify the 
Address Word of the lOCC, provide table look-up to 
translate to the device character set if required, and 
maintain a program word count to indicate the end of 
message if necessary. At the completion of each in- 
terrupt subroutine sequence, the program must exit 
form the subroutine, utilizing a Branch or Skip on 
Condition instruction (BSC) with B9 = 1 which branches 
out of the interrupt program to the mainline program. 
(Refer to Branch or Siip on Condition instruction 
description.) This is necessary to restore the in- 
terrupt logic so that future interrupt requests at the 
same or lower interrupt levels can be acknowledged. 

Control Function 

With a specified function of control, the modifier 
field specifies to the device, the particular control 
operation to be executed. Examples of such control 
operations are start pulse-output timer, feed card, 
load interrupt mask register. 

I^CYCLE: Same as Read/ Write function. 

El- CYCLE: Same as Read/ Write. Set up Area, 
Function, and Modifier decode circuits in I/O 



This command transfers the active interrupt level 
status word (ILSW) to the P-C accumulator. The 
ILSW represents the status of the interrupts assigned 
to the specified level. The P-C program analyzes 
the ILSW to determine the area or device requesting 
the interrupt. Modifier bits 10 through 15 are placed 
on the out bus by the interrupt circuits during the 
forced BSI operation (see MDM page CS60101) . The 
forced BSI operation is described in Chapter 2, 
Interrupt Circuits. 

I-CYCLE: Same as other functions. 

El~ CYCLE: Same as other functions. 

E2-CYCLE: The interrupt level status word, placed 
on the in-bus by the l/O adapter is loaded into the 
B register, then transferred to the accumulator. 

E3- CYCLE : Not used with the sense interrupt function. 

Sense Device 

After the device causing an interrupt has been identi- 
fied from data in the Interrupt Level Status Word 
(ILSW), it is necessary to determine the indicator(s) 
within the particular device causing the interrupt. 
This is accomplished by issuing a subsequent XIO 
sense device command with an area assignment 
corresponding to that of the device being interrogated. 

Modifier bit 15 = 1 causes the status indicators 
associated with that particular device be reset 
after the information has been gated onto the 
in-bus. The information gated onto the bus and load- 
ed into the accumulator in this instance is referred to 
as the device status word (DSW) . The DSW contains 
one bit of information for each indicator within the 
device . 

It is possible for a device to contain many condi- 
tions which may cause an interrupt on the same in- 
terrupt level. When this condition exists, it is usual 
that each of the interrupt conditions is logically ORed 
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and then gated to a particular bit of the in-bus. The 
identification of the interrupting condition within the 
device is accomplished by sensing the device status 
word and then analyzing it with the shift left and count 
instruction or a shift left and BSC combination. 

I-CYCLE: Same as for other XIO functions. 

El- CYCLE: Same as for other XIO functions. 

E2-CYCLE: The device status word, placed on the 
in bus by the device adapter, is loaded into the B 
register, then transferred to the accumulator. 

E3-CYCLE ; Not used with the sense device command. 

Data Channel Operation 

• Initiated by an Execute l/O (XIO) instruction 
with a function of initialize read or initialize 
write. 

• Whenever a data channel requires core storage 
access to transfer data ("cycle steal" operation) , 
the P-C operation is suspended for one core 
storage cycle. 

• CQ40100 shows the data flow for a data channel 
operation. 

• CQ40110 is a data channel operation flow chart. 

• CQ60101 is a flow chart of the cycle steal 
request operation. 

• CQ40120 is a diagram of data channel cir- 
cuits. 

The operation of a data channel is initiated by the 
execution of an XIO instruction which references an 
I/O control command (lOCC). Once started, the data 
channel operates independently of the main program 
being executed by the P-C provided the P-C is in the 
run, or trace mode. The data channel has the 
responsibility for controlling the quantity and destina- 
tion of all data transmitted between core storage and 
the attached I/O device. Because of the independent 
operation of the data channel, large blocks of data 
can be transferred between core storage and an I/O 
device while many program instructions are per- 
formed between I/O control commands. 

Since the P-C and data channel cannot take a 
storage reference cycle at the same time, the execu- 
tion of an instruction in the main program will be 



delayed at least one cycle when the data channel ref- 
erence is made. Once such a delay occurs, all of the 
time needed by the data channel will be taken before 
the main program execution is resumed. Such delays 
are imposed automatically and do not interfere with 
the internal registers or calculations in the P-C, 

Scan Control 

A Scan Control register is provided in each device 
that has chaining ability. Scan Control bits must be 
stored in the first word of the first data table (bit 
positions and 1) and in the second word (bit positions 
and 1) of the second data table and all subsequent 
data tables in a chain. The following is a list of the 
devices that have a Scan Control register, 

I/O Device 

2401/2402 

Digital or Pulse Counter Input 
Digital- Analog Output 
Analog Input 

The Scan Control register controls the I/O device 
and the Data Channel operation at the end of the data 
table as follows; 



Single scan of data table and 
stop with an interrupt 
Single scan of data table and 
stop (no interrupt). 
Continuous scan of this data 
table or a different data table 
with an interrupt at the end of 
this table. 

Continuous scan of this data 
table or a different data table 
with no interrupt. 



Operational Sequence 

The numbered steps that follow correlate with the 
circled numbers in Figures 3-18 and 3-19, These 
steps apply to either non-chaining devices or the first 
data table of a chaining device . 

1. XIO references the lOCC-control word first, 
then address word. 

2. The area Code and Modifier select the I/O de- 
vice. Function specifies the type of operation 
(Initialize Read or Initialize Write, etc). 



BitO 


Bit 1 











1 


1 
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XIO 




Core Storage 
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i I 

I I 
I I 



CAR Check 



I 



7— 

) In Bus 
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^i 



To Output Devices 
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CAR 1 



© 



V V 



CAB 



© 



CAR 14 



■69- 



|17421C| 



Figure 3-18. Data Channel Operation 

3a. The Address portion of the lOCC word is stored 
in CAR for the selected Data Channel (I/O device) . 

3b. CAR Check made between selected CAR and B- 
register (CC30101). 

4. Cycle steal requested. 

5o CAR addresses core storage during XO, XI, and 
X2 time. CAR is transferred to CAB. CAB ad- 
dresses core storage while CAR is incremented. 

6. The first word of the data table contains 

a. Scan Control bits (bit positions and 1) 

b. Word Count (bit position 2-15) 

These are transferred to their respective regis- 
ters in the I/O device. This is the end of the 
first cycle-steal cycle. 

7. When another cycle steal request occurs, CAR, 
which was incremented in step 5, now transfers 
the next higher address to CAB, CAB then ad- 
dresses core storage while CAR is being incre- 
mented. 



8. The first data word is transferred to or from the 
I/O device via the B-register and Data Channel. 
The word count in the l/O device is decreased 
by one. This is the end of the second cycle-steal 
cycle. 



Steps 7 and 8 now continue on a cycle-steal basis; 
that is, they occur as the I/O device requests data 
transfers. Between cycle steals, the P-C continues 
program operation. The CAR is incremented with 
each data transfer and the word count is decremented. 
This sequence continues until the last data word of 
the data table is transferred. The last word transfer 
is sensed by the word count reaching zero or through 
some indicator in the device. If the device does not 
have chaining ability, no more demands for data 
transfer are made until the device is reinitialized 
with another XIO instruction. 
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Data Table for Second and all 
Subsequent Data Tables in a Chain 



Data Table for Non-Chaining Devices 
or First Data Table of a Chain 
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Figure 3-19. Data Channel Chaining 



Data Chaining 

When a continuous scan is indicated by the Scan 
Control register (SCR) in a device having chaining 
ability, the data channel takes three cycles after the 
word count has reached zero at the end of the first 
data table. The first cycle is used to transfer the 
word following the data table to the CAR. The ad- 
dress in this word is the address of the next table of 
data. The second cycle addresses the first word of 
the data table and performs the CAR check. The 
first word of the data table must contain its own 
address. The third cycle addresses the second word 
of the data table and transfers its contents (Word 
Coimt and Scan Control) to their respective registers. 
The I/O device is then ready for independent data 
channel operation. In this manner, the data channel 



can operate in a scatter read-write mode. This 
method of using the data channel in a continuous mode 
is called "data chaining" because the data tables are 
essentially connected together. The length of time 
between data transfer cycles on a data chaining opera- 
tion is a maximum of three core- storage cycles on a 
device conniected to the highest priority data channel. 
It may be greater than this for devices of lower cycle 
steal priorities, depending on whether they must wait 
for higher data channel priorities to be serviced. 

Data Channel Operation (Chaining) . 

If the Scan Control register contains the bits for a 
continuous scan, the following numbered steps cor- 
relate to the circled numbers in Figure 3-19. These 
steps are for the second and all subsequent data 
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tables. See the previous Operational Sequence for 
steps 1 through 8 (first data table). 

9. The contents of the word following the last data 
word in the first data table are transferred to 
CAR, This word must contain the address of 
the next data table. 

10a,\when the next cycle is requested, CAR addresses 
core storage, then CAR is transferred to CAB to 
address core storage and CAR is incremented. 
The contents of the first word of the next data 
table are transferred to the B-register, This 
word must contain the address of itself. 
b.CAR Check is performed, 

CHAIN CAR CHECK: When a data table is being 
chained, the first word in that table must contain its own 
core storage address. This first word is read from 
core storage and compared with the contents of the 
channel address register (CC30101). If these two 
addresses do not compare, a CAR check is indicated 
in the cycle -stealing I/O device adapter. The chain 
CAR check is initiated by the cycle-steal-control 0, 

I, and 2 lines from the adapter. 

II. When the next cycle steal is requested, CAR is 
transferred to CAB and CAB addresses core 
storage. The Scan Control bits and Word Count 
bits are transferred from the second word of 

the data table to their respective registers, CAR 
is incremented by one, 

12. Data is transferred to ' (from) the I/O device on a 
cycle steal basis via the B-register and the Data 
Channel, CAB addresses core storage to transfer 
a data word to the B-register. Each time CAB 
addresses core storage, CAR is incremented by 
one. When the next cycle steal request occurs, 
CAR is transferred to CAB. The Word Count 
register is decremented for each word transferred. 

13. When the last data character is transferred (Word 
Count is decremented to zero) , operation will 
continue as specified by the Scan Control register. 
See section for Scan Control » 

Data Table 

Figure 3-20 is an illustration of two data tables with 
Scan Control (SC) bits to initiate chaining from the 
first data table to the second data table. 
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Figure 3-20. Data Tables for Chaining 
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XIO Instruction Execution 

I CYCLE: Loadsthe accumulator with the effective 
address (see I cycle description) . An XIO effective 
address (EA) must be an even address* 

El CYCLE: Transfers EA to the M register and 
activates the output of M15 bit flip-flop. This causes 
the core storage location at EA + 1 (odd address) to 
be selected. The word at this location, which is the 
control word of the I/O control command, is loaded 
into the B register . The control word contains the 
Area, Function, and Modifier bits. This word is 
placed on the out-bus to be analyzed by the I/O 
adapter. 

E2 CYCLE: The Address Word at EA is loaded into 
the B register, placed on the Out-Bus and loaded in- 
to the Channel Address Register (CAR) associated 
with the Data Channel to be used. A CAR check is 
made at this point to check for proper loading of 
CAR. The XIO operation is then terminated. 

Cycle-Steal Cycle 

Whenever an I/O unit requires core storage access, 
it activates a cycle- steal-request signal. The CS- 
level flip-flop, assigned to the level used by that 
I/O unit, is turned on at T7 time of any operation 
(CQ50101). The channel clock (X clock) begins 
advancing at the end of T7 if the P-C is in run or 
single-step mode and any cycle-steal level is active. 
If the cycle steal is from the interval timer, the 
timer gate (delayed) must be active. 

One cycle is required to complete a normal cycle 
steal operation; therefore, the T clock is blocked for 
one cycle. (The interval-timer cycle- steal operation 
requires two cycles.) The M register output is 
blocked to permit core storage addressing from the 
data channel. From XO to X2 core storage is ad- 
dressed directly from the CAR associated with the 
highest priority level requesting a cycle steal. At 
XI the contents of CAR are transferred to channel 
address buffer (CAB) and from X2 to X7 core storage 
is addressed from the CAB. The channel address 
buffer is used so that CAR can be incremented (at X4 
time) to maintain the next address to be used by that 
level. The output of CAR is placed directly on the 
address-in bus to avoid the effect of circuit delays in 
loading CAB. 



During the first cycle -steal cycle, the address 
in CAR is the location of the word count. (The 1442 
operation does not use a word count.) The word count 
is placed on the out-bus and loaded into the adapter 
word count register in complement form. 

During subsequent cycle-steal cycles, the data 
word is either read from core storage at the CAR ad- 
dress and placed on the out-bus (initialize-write func- 
tion) or it is taken from the in-bus and stored at the 
CAR address (initialize-read function) . 

The word count register is decremented and 
tested for a zero condition. (Some adapters increment 
their word count register and test for a full condition.) 
If the word count equals zero, an interrupt request is 
made to signal the end of the data table. If another 
cycle-steal level flip-flop is on, that level will be 
serviced (highest priority level first) before return- 
ing to the program operation. 



INTERNAL I/O OPERATIONS 

• Read command is used to transfer the status of 
console bit switches to core storage. 

• Sense-interrupt command is used to transfer the 
ILSW to the accumulator for identifying the source 
of an interrupt. 

• Sense-device command is used to transfer the 
status of console bit switches, console interrupt 
status, or interval timer status to the accumulator. 

• Control command is used to start and stop in- 
terval timers, reset the operations monitor, and 
set or mask interrupts. 



XIO instructions are used for direct program control 
of devices within the processor-controller. An area 
code of 00000 is assigned to these devices and is fixed 
for all 1800 systems. 

The status of bit switches on the programmer's 
console can either be sensed (loaded into the accumu- 
lator) or read into core storage. 

Read 

• The console switch data is transferred to core 
storage. 
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Input/Output Control Command 



Address Area Function Modifier 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 








1 




V y ^^ y A«^^ »V^-,^ 



Core Storage Address Internal Read 010 - Data Entry Switches 

on - Sense Switches 

[24252~| 



E2 DATA CYCLE: The word at E A (address portion of 
lOCC) is loaded into the B register, then transferred 
to the accumulator. 

E3 DATA CYCLE: The address word is transferred 
from the accumulator to the M register. The selected 
device data word is gated into the B register by the 
read function, then entered into core storage at the ad- 
dress specified by the M register. 



ADDRESS: The address specifies the core location 
at which the data word is to be stored. 

AREA: These five bits contain the processor-con- 
troller internal area code (00000). 

FUNCTION: Code 010 specif ies the read function. 

MODIFIER: Bits 8, 9, and 10 specify the group of 
switches whose status is to read. 

010 console data entry switches 

Oil console sense, program, and CE sense 

switches 

Other bit positions have no significance. 

Data Words 



I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 



Data Entry Switches 



01 23456789 10 1112 13 14 15 



Sense 


Program 


CE Sense 



Data Entry Word 
(Modifier 010) 



Sense Entry Word 
(Modifier Oil) 



The data word contains the requested status to be 
stored at the core location specified by the lOCC 
address word. Bit positions of the data word define 
the off /on (zero/one) status of the selected switches. 



Sense Interrupt 

• The ILSW defined by the interrupting level is 
loaded into the accumulator. 

• The timer interrupts are assigned collectively to 
one bit position of a selected ILSW and the con- 
sole interrupt is assigned to one bit position of 

a selected ILSW. 

• The internal (check) interrupts invalid opera- 
tion, parity error, storage protect violation , and 

CAR check are assigned respectively to bit 

positions 0, 1, 2, and 3 of the internal -level 
(sub-zero) ILSW. 

Input/Output Control Command 



Address Area Function Modifier 

123456789 10 II 12 13 14 15 1234 5678 9 10 II 12 13 14 15 







Sense |LSW 

Interrupt Address 



ADDRESS: Not used. 

AREA: Not used. 

FUNCTION: Code Oil specifies the sense -interrupt 
function. 



Description 

El CONTROL CYCLE: Theword'at EA-plus-one is 
loaded into the B register and placed on the out bus. 
Function bits 5,6, and 7 are registered by the P-C 
channel control and are decoded to select the read 
function. Area and modifier bits are registered by 
the area-zero control and are decoded to select the 
desired input data. 



MODIFIER: Bits 11 through 15, containing the ILSW 
address, are generated automatically by the processor- 
controller to define the interrupting level. These bits 
are placed on the out bus during the XIO control cycle 
and are decoded by each I/O device to address those 
device interrupts which are assigned to this ILSW. 
The area-zero interrupts, however, are addressed 
directly from the interrupt level flip-flops at the 
level to which they are assigned. 
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Interrupt Level Status Words 



12 3 4 5 6 7 8 9 10 II 12 13 14 15 



Any Level 0-23 



Bit Positions Assigned by Customer 



an error when reading into or writing out of core 
storage. The error condition is ORed with the CAR 
check line and transmitted to all l/O devices so that 
the device sending or receiving the data can set its 
own parity error indicator on the same cycle that the 
error is detectedo 



12 3 


4 5 6 7 8 9 10 II 12 13 14 15 




V ..•.:;h-!..::H 



- Invalid Operation 

1 - B Register Parity 

2 - Storage Protect Violation 

3 - CAR Check 



Internal Level 



1 24255 I 



The timer interrupts are logically ORed to provide a 
single interrupt request. The interrupt request is 
assigned by the customer to a selected interrupt level 
(0-23) and to one bit position (0-15) of the associated 
ILSW. The sense-interrupt command must be fol- 
lowed by a sense-device command to identify the 
particular timer that summoned the interrupt. 

The console interrupt is also customer-assigned 
to an interrupt level and an ILSW bit position. Con- 
sole interrupt status is given directly by the sense- 
interrupt command; however, it is necessary to 
execute a sense-device command with a bit in posi- 
tion 15 of the lOCC modifier in order to reset the 
indicator. 

Each internal error interrupt has a fixed bit 
assignment in the internal-level (highest priority) 
ILSW. Indicator status is given directly by the sense- 
interrupt command and the indicators are reset upon 
execution of the command. A sense-device command 
is not required for these indicators and no DSW is 
provided (no area code is assigned) . 

Bit positions of the internal-level ILSW define 
the off/on (zero/one) status of the following interrupt 
indicators: 

Invalid Operation (bit 0) is turned on to request an 
interrupt if an undefined operation code is detected. 
Of the 32 op codes available in the five bits of the 
operation field, the following six are undefined: 



Storage Protect Violation (bit 2) turns on to request 
an interrupt if an attempt is made to write into a 
storage-protected position of core storage. The error 
condition is transmitted to all input devices so that 
the device sending the data can set its own storage- 
protect-violation indicator on the same cycle that the 
error is detected. 

CAR Check (bit 3) turns on to request an interrupt if 
a CAR check occurs during data channel operation. 
The error condition is ORed with the parity error line 
and transmitted to all l/O devices so that the device 
using the data channel can set its parity error indi- 
cator on the same cycle that the CAR check is 
detected. 

Description 

El CONTROL CYCLE: The word at EA-plus-one is 
loaded into the B register and placed on the out bus. 
Function bits 5,6, and 7 are registered by the P-C 
channel control and are decoded to select the sense- 
interrupt function. 

E2 DATA CYCLE: Iftheinterruptwas summoned by an 
interval timer or console interrupt, the active inter- 
rupt level is ANDed with the sense-interrupt function 
to gate the ILSW bit into the assigned bit position of 
the B register. This bit position, together with bit 
positions assigned to other I/O devices on the same 
interrupt level, make up the interrupt-level status 
word which is transferred to the accumulator. 

If the interrupt request was summoned by an in- 
ternal error condition, the subzero level is activated 
and inhibits the recognition of all other interrupt 
levels. The error indicator status is gated into the 
B register by the sense -interrupt function, then 
transferred to the accumulator. 

The E3 cycle is not used with the sense function. 



00000 
00111 
01010 



01011 
01111 
11111 



B Register Parity (bit 1) turns on to request an in- 
terrupt if the B register parity check circuits detect 



Sense Device 

• The console switch data, console status word, 
or interval timer status word is loaded into the 
accumulator. 
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Input/Output Control Command 



Address Area Function Modifier 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 



\ 





1 1 1 


1 



Internal Sense 
Device 



Reset 
Interrupts 



001 - Interval Timers DSW -^- 

010 - Data Entry Switches 

01 1 - Sense Switches 

no - Console DSW ■<- 



I 24256 I 

ADDRESS: Not used. 

AREA: These five bits contain the processor- 
controller internal area code (00000). 

FUNCTION: Code 111 specifies the sense-device 
function. 

MODIFIER: Bits 8, 9, and 10 specify the internal 
(area zero) device status to be sensed as follows: 

001 interval timers DSW (interrupt indicators) 

010 console data entry switches 

Oil console sense, program, andCE sense switches 

110 console DSW (interrupt indicator) 

Bit 15 is used when addressing the interval timer 
DSW or the console DSW. Bit 15=1 specifies that 
interrupt indicators are to be reset after sensing. 
Other modifier bits have no significance. 

Status Words 



I 2 3 4 5 6 7 a 9 10 II 12 13 14 15 



Interval Timer DSW 
(Modifier 001) 



- Timer A 

1 - Timer B 

2 - Timer C 



123456789 10 II 12 13 14 15 ,^ , r ^ **/ . 
1 Data Entry Word 

Data Entry Switches (Modifier 010) 



The status words contain the requested device status 
to be loaded into the accumulator. Bit positions of 
the status word define the off /on (zero/one) status of 
the selected console bit switches or interrupt 
indicators. 

The console DSW contains the status of the con- 
f sole interrupt indicator in bit position . Other bit 
positions are not used. The console interrupt indi- 
cator turns on to request an interrupt when the con- 
sole interrupt key is operated. The indicator will be 
reset upon sensing only if there is a bit in position 15 
of the lOCC modifier. 

The interval timer DSW contains the status of 
interval timer interrupt indicators A, B, and C in bit 
positions 0, 1, and 2 respectively. An interval timer 
indicator turns on to request an interrupt when the 
preselected fixed time interval expires. Indicators 
will be reset upon sensing if there is a bit in position 
15 of the lOCC modifier. 

Description 



El CONTROL CYCLE: The word at EA-plus-one is 
loaded into the B register and placed on the out bus. 
Function bits 5,6, and 7 are registered by the P-C 
channel control and are decoded to select the sense- 
device function. Area and modifier bits are regis- 
tered by the area- zero controls and are decoded to 
select the desired input data. 



E2 DATA CYCLE: The selected device status word is 
gated into the B register by the sense-device func- 
tion, then transferred to the accumulator. If the 
lOCC modifier contained a bit in position 15, the in- 
terrupt indicators will be reset after their status is 
sensed. The E3 cycle is not used with the sense 
function. 



I 2 3 4 5 6 7 8 9 10 II 12 13 14 15^ Sense Entry Word 

(Modifier Oil) 



Sense ftogram 



CE Sense 



Control 



Performs the control function specified by the 
modifier . 



12 3 4 5 6 7 8 9 10 11 12 13 14 15 



- Console interrupt 



Console DSW 
(Modifier 110) 

I 24257 I 



Used to start and stop interval timers, reset 
the operations monitor, and set or mask 
interrupts . 



1800 P-C FETO (2/70) 3-43^ 



Input/Output Control Commands 



Address Area Function Modifier 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 I 2 3 4 5 6 7 8 9 10 ■■ '2 '3 '^ 15 





l^iBiiliiiBi 


OOll 


l| 



0-Timer A (1 = start, = stop) 
1 -Timer B (1 = start, -= stop) 
2-Timer C (1 = start, = stop) 



Internal Ctrl Interval 
Timers 



Address Area Function Modifier 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



jioooooiooiooi 



Internal Ctrl Interrupt 

Mask Register 
Bits 0-13-lnterrupt Levels 0-13 (1 = mask, = unmask)-^ 0- 



Bits 0-9-lnterrupt Levels 14-23 (1 = rilask, = unmask) -<- 



-1 



interrupt mask register when modifier bit 15 = 0. 
When modifier bit 15 = 1, bit positions through 9 
of the address word are used to set or reset positions 

14 through 23 of the interrupt mask register, A "1" 
bit sets the associated flip-flop and a "0" bit resets 
the associated flip-flop. 

For program initiation of interrupts, a "1" bit in 
any position 0-13 of the address word turns on the 
respective interrupt level 0-13 when modifier bit 

15 = 0, when modifier bit 15 = 1, a "1" bit in any posi- 
tion 0-9 of the address word turns on the respective 
interrupt level 14-23. 

The address word is not used in the lOCC that 
controls the resetting of the operations monitor. 

AREA: These five bits contain the processor- 
controller internal area code (00000). 



FUNCTION: Code 100 specifies the control function. 



Address Area 

5 6 7 8 9 10 II 12 13 14 15 I 2 



Function Modifier 

34 56 78 9 10 II 12 13 14 15 



00000100 101 



Internal Ctrl 



Bits 0-13-lnterrupt Levels 0-13 (1 = Interrupt)-^- 
Bits 0-9-lnterrupt Levels 14-23 (1 = lnterrupt)-<- 



Prog rammed 
Intferrupt 



-0- 
-1 -J 



Address Area Function Modifier 

0123456789 10 II 12 13 14 15 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 






Internal Ctrl Operations Reset 
Monitor ''"'®'' 

I 242Sr> I 



ADDRESS: When the control function is specified, the 
lOCC address word at EA does not contain a core 
storage address, but may contain data to be sent to 
the device on the E-2 data cycle for use in the con- 
trol operation . The function of these bits depends upon 
the area-zero device specified by the modifier bits . 

For controlling the interval timers, bit posi- 
tions 0,1, and 2 of the address word are used to 
start or stop timers A, B, and C respectively. A 
"1" bit turns on the timer and a "0" bit turns off the 
timer . 

For controlling the masking of interrupt levels 
0-23, bit positions through 13 of the address word 
are used to set or reset positions through 13 of the 



MODIFIER: Bits 8, 9, and 10 designate the internal 
(area zero) device to be controlled as follows: 



Bits 
9 



10 



1 



1 

1 1 



interval timers 
interrupt mask register 
interrupt level register 
operations monitor 



Bit 15 is used when addressing the interrupt mask 
register or the interrupt level register. Bit 15 = 
specifies the use of address bits 0-13 to control posi- 
tions 0-13 of the register. Bit 15 = 1 specifies the 
use of address bits 0-9 to control positions 14-23 of 
the register. 

Bit 15 is also used to control the resetting of the 
operations monitor. Bit 15 = does not reset the 
monitor; bit 15 = 1 resets the monitor to the full time 
period specified by the Operations Monitor switch on 
the I/O monitor interface panel. 

Description 

El CONTROL CYCLE: The word at EA-plus-one is 
loaded into the B register and placed on the out bus. 
Function bits 5, 6, and 7 are registered by the P-C 
channel control and are decoded to select the control 
function. Area and modifier bits are registered by 
the area-zero control and are decoded to select the 
internal device or the positions of the device to be 
controlled. 
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E2 DATA CYCLE: The word at EA is loaded into the 
B register, then the appropriate bits are gated to 
the timer mask register, the interrupt mask register, 
or the interrupt level register. 

If the interval timers have been selected by the 
control function, the status of bits 0,1, and 2 are 
loaded into positions A, B, and C of the interval 
timer mask register. 

If the interrupt mask register has been selected, 
the status of bits 0-13 or 0-9, depending on modifier 
bit 15, are loaded into positions 0-13 or 14-23 of the 
interrupt mask register. Any positions of the in- 
terrupt level register that are on when their related 
mask register flip-flops turn on will be reset. 

If the interrupt level register has been selected, 
the bits in positions 0-13 or 0-9, depending on the 
status of modifier bit 15 , are used to set positions 
0-13 or 14-23 of the interrupt level register, but 
only if the designated positions of the register are 
not masked. 

Note: The programmed-interrupt control func- 
tion (modifier 101) may also be used by the cus- 
tomer engineer to test cycle-steal-request and 
cycle-steal-acknowledge. The address portion 
of the lOCC is not used, nor is bit 15 of the 
modifier. The cycle-steal level to be tested is 
selected manually by wire jumper placement. 
This test procedure is described in the 1800 
system maintenance manual (see FE Bibliog- 
raphy - 1800 system. Order No. SY26-0560). 

INTERRUPT OPERATION 

® Some condition, external to the mainline pro- 
gram, causes an automatic branch to a subroutine 
that results in correcting or servicing the 
condition. 

® Interrupts are grouped into priorities, 12 levels 
of which are standard; 12 additional levels are 
available. 

® Interrupt levels can be masked and unmasked by 
the program. 

@ In addition to the 24 customer interrupt levels, 
three levels are used for internal or CE functions, 
lo Internal (check) interrupt is sub-zero level 
(highest priority) and is initiated by an invalid 
op code, a parity check, a CAR check, or a 
storage protect violation. 
2. Trace level is a lower level priority than 
any customer assigned level. It causes a 
branch prior to each program instruction. 



3. CE interrupt level enables the initiation of 
an interrupt by the CE Interrupt key on the 
console, or by a device operating in CE 
mode. 

The interrupt function provides an automatic branch 
in the normal program sequence based upon an ex- 
ternal condition. Examples of conditions which would 
normally be utilized to cause interrupts follow: 

1. The interval timer has concluded the recording 
of a preset time interval. 

2. The magnetic tape unit initialized and selected 
on a data channel has completed the required 
data transfer and signals the P-C with a scan 
complete. 

3. An undefined operation code has been detected 
during the P-C instruction readout and therefore 
cannot be executed. 

4. The device operating on direct program control 
has completed the transfer of the previous char- 
acter and requests a subsequent character. 

5. An external process condition has been detected 
which requires an immediate change in the pro- 
gram execution. 

Because of the large number and widely varying 
types of interrupt requests, it is often not possible to 
cause a branch to a unique address for each condition. 
For the same reason, it is not desirable to cause the 
same branch for all interrupt requests and require 
the program to determine the individual request (s) 
requiring service. Therefore, it is convenient to 
group the many individual request lines into a lesser 
number of priority levels. This accomplishes two 
very important functions. First, it allows all interrupt 
requests common to a specific interrupt level to in- 
terrupt immediately if the only requests present are 
of a lower priority level. Conversely, it permits 
interrupt requests connected to a higher priority level 
to delay the servicing on a lower level and immediately 
interrupt to the higher priority and return to the initial 
request only after all higher level requests have been 
serviced. Second, since a unique branch can be de- 
fined for each interrupt priority level, it is possible 
to combine many interrupt requests on a common 
priority level and therefore utilize a common interrupt 
subroutine to service many requests. 

Thr.ee important operating characteristics of the 
1800 interrupt system are as follows: 

1. When more than one request is connected to 
any one priority level, it is necessary that the 
program identify the individual request(s) 
causing the priority level to be active. 
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The first request that is recognized on a given 
priority level prevents future requests on that 
or lower priority levels from interrupting until 
the completion of servicing the first interrupt 
is signaled by a branch out operation. (See 
"Branch or Skip on Condition" instruction. ) 
However, interrupts that occur on the same 
level for which an interrupt is being serviced 
can be recognized and serviced by the program 
if the Interrupt Level Status Word (ILSW) is in- 
terrogated again before the branch out is exe- 
cuted. The ILSW is explained in detail towards 
the end of this Chapter. 

When an interrupt request is recognized, the 
processor-controller inhibits normal access to 
core storage, generates the BSI instruction with 
indirect addressing, and places it in the B- 
register. The format of this forced BSI instruc- 
tion is shown in the following illustration. The 
content of the address portion of the BSI instruc- 
tion is unique for each interrupt level and de- 
notes the core storage location containing the 
indirect address (interrupt vector) for that level. 



01000 100 10000000 

—J — L— i I I 



Unique For Each Level 

—I — I I I I I I I I L. 



BSI 



F T lA 



Address 



U7204 I 



Interrupt Levels 



As shown in Figure 3-21 a maximum of 24 external 
interrupt levels are available. Twelve external in- 
terrupt levels are standard, as are the Internal, 
Trace, and CE interrupt levels. Note that the priority 
level of each interrupt, as well as its unique core 
storage address, is listed in decimal form. Note also 
that all but the Trace and CE interrupts have an Inter- 
rupt Level Status Word (ILSW) . The ILSW, which is 
explained in detail later, is used to identify the 
specific condition causing its interrupt level to re- 
quest service. No external interrupt can occur at 
the end of an XIO or BSI instruction (until another 
instruction is taken) . 

Internal (Check) Interrupt 

The Internal interrupt is a P-C interrupt that occurs 
when any one of four error conditions occur in the 
P-C (CC30102): 

1. An invalid op code is detected. 

2. A parity error (even number of bits) is detected 
in the B-register during data transfer to or 
from core storage. 



Interrupt 


Priority 
Level 


Core Storage Location 




IICVA/ 1 






■ t.^ »i 1 




Decimal 


Hex 


1 


Internal 


1 


8 


8 


Yes^ 




Trace 


26 


9 


9 


No 




**CE 


17 


10 


A 


No 




*External 


2 


11 


B 


Yes 




1 


3 


12 


C 


Yes 




2 


4 


13 


D 


Yes 




3 


5 


14 


E 


Yes 




4 


6 


15 


F 


Yes 


" Basic 


5 


7 


16 


10 


Yes 




6 


8 


17 


11 


Yes 




7 


9 


18 


12 


Yes 




8 


10 


19 


13 


Yes 




9 


11 


20 


14 


Yes 




10 


12 


21 


15 


Yes 




11 


13 


22 


16 


Yes J 




12 


14 


23 


17 


Yes "\ 




13 


15 


24 


18 


Yes 




14 


16 


25 


19 


Yes 


Special 


15 


17 


26 


1A 


Yes 


Feature 


16 


18 


27 


IB 


Yes 


Group 1 


17 


19 


28 


1C 


Yes j 




18 


20 


29 


ID 


Yes^ 




19 


21 


30 


IE 


Yes 


Special 


20 


22 


31 


IF 


Yes 


^ Feature 


21 


23 


32 


20 


Yes 


Group 2 


22 


24 


33 


21 


Yes 




23 


25 


34 


22 


Yes J 




* External interrupt cannot occur at the end of an XIO or BSI 


instruction. 




** A CE interrupt stores the return link in core 


storage location 


/OOOA and starts execution at core storage 


location /0001 . 


Interrupts are prevented in the same manner as for the | 


standard, forced BSI . 





Figure 3-21. Interrupt Levels 



|i7424C 



3. A storage protect violation occurs from an 
attempt to write into a "read-only" core storage 
position. 

4. CAR-check error occurs either as a CAR check 
or as the result of a parity error having caused 
a command reject. 

The Internal interrupt cannot be masked. How- 
ever, an XIO or BSI instruction prevents the Internal 
interrupt for one instruction. Its ILSW is reset when 
it is sensed to determine the interrupting condition. 
The four error conditions are assigned to the ILSW 
as follows: 

Internal Interrupt ILSW is 



2 3 



■ ,lt.M,t..„,tM..,tM„,t,n J, ,1 ,1 , 



- CAR Check Error 

- Storage Protect Violation 
• B-Register Parity Error 

- Invalid Op Code 

1 174256] 
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Trace Interrupt 

The Trace interrupt occurs after every instruction if 
the P-C is in program operation with the console 
mode switch on Trace (CS50101, A3). The Trace 
interrupt cannot be masked (no mask flip-flop at C3) 
and does not have an ILSW. However, an XIO or BSI 
instruction prevents a Trace interrupt for one in- 
struction. 

CE Interrupt 

The CE interrupt can be initiated from the CE panel 
or from a device operating in CE mode (CS50130, B6). 
It cannot be masked (no mask flip-flop — CS50101, C2) 
and does not have an ILSW. The CE level is not 
polled on au XIO or BSI instruction. It has the lowest 
interrupt priority and therefore must wait for service 
until all other levels are serviced. 

CE interrupt differs in operation from other in- 
terrupts in that the contents of the I register (cus- 
tomer's program) is always stored at address OOOA^g 
and the branch is direct, instead of indirect, to ad- 
dress OOOlj^g. This branch may be to main or auxiliary 
storage , depending on the Interrupt to Main/Aux 
switch. The BOSC to end CE interrupt returns to 
the mainline program via the address stored at 
OOOA^g. 

External Interrupts 

External internet level flip-flops are set during 
polling by bits on the channel data bus. At this time, 
the channel is not moving data. Channel data bus 
bits originate from I/O adapters, the interval timers 
or a programmed XIO control command. All ex- 
ternal interrupts can be masked (suppressed) if the 
individual mask flip-flop is on. All masks are set 
on by a /dc reset and must be reset (unmasked) by 
an XIO control command before interrupts are 
honored. An XIO control command can set or reset 
a mask(s) under program control. 

EXTERNAL INTERRUPT POLLING: Two polling 
cycles are required to sample all 24 interrupt level 
requests. Interrupt levels through 13 are polled, 
as a group, on one cycle, and interrupt levels 14 
through 23 are polled, as a group, on another cycle. 
The group that is polled on any given cycle is not 
readily predictable because the first group polled 
after an interrupt will be the group that was being 
polled when the interrupt occurred. Therefore, 
unmasking an interrupt level for one instruction, that 
takes only one core-storage cycle (MDX, LDX, LDS, 
etc), would not poll all 24 interrupt level requests. 



This one core-storage cycle instruction would poll 
only one group, and the group could be either 0-13 or 
14-23. 

PROGRAMMED INTERRUPTS: External interrupt 
levels can be programmed. An XIO control command 
is used to turn on individual external interrupt levels 
within either of two groups 0-13 or 14-23, depending 
on the status of modifier bit position 15 of the lOCC. 
Two instructions must be executed to turn on inter- 
rupt levels in both of these groups. The lOCC is 
shown below: 



13 



8 10 



15 



YYYYYYYYYYYYYY 

-J L— I— J 1 1 1 1 — 1 L_JI — 1__1,,. 




00000 


1 


1 1 
1 1 


Z 
1 1 1 


1 , \ 

Z=l 






0-Level 0-13 
1 -Levels 14-23 


1 

Z-0 





Note that the area is 00000 and that modifier bits 

8-10 must be 101. 

The status of address bits 0-9 or 0-13, depending 

on modifier bit 15 (Z) , determine whether individual 

interrupts within priority levels 0-13 and 14-23 will 

be turned on (CS50102, C2): 

A 1-bit turns on the corresponding external 
interrupt level. 

A 0-bit does not turn on the corresponding ex- 
ternal interrupt level. 

Programmed interrupts will not occur if the 
corresponding interrupt level is masked prior to the 
time the XIO command is executed. 

If a programmed interrupt level is turned on but 
the hardware forced BSI instruction has not occurred, 
an XIO instruction to mask or unmask any interrupt 
level will turn the programmed interrupt level off. 
Another programmed-interrupt XIO instruction would 
be needed to reinitiate the programmed interrupt after 
the specified interrupt level is unmasked. 

INTERRUPT LEVEL MASKING: A mask register 
exists for the masking and unmasking of external 
interrupt levels (CS50101, B4 through B6). An inter- 
rupt level that is masked cannot initiate a request 
for service until it has been immasked. 

Programmed interrupts will not occur if the 
corresponding interrupt is masked prior to the time 
the XIO command for programmed interrupt is ex- 
ecuted. 

Device status words (DSW) and process interrupt 
status words (PISW) are not affected by the mask 
operation. 

The XIO control command is used to simul- 
taneously mask and unmask external interrupt levels 
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0-13 or 14-23, depending on modifier bit 15 of the 
lOCC. Two XEO control commands are required to 
mask/unmask the maximum of 24 external interrupts. 
(All external interrupts are automatically masked 
when electrical power is first applied to the P-C.) 
The execution of this instruction does not affect the 
contents of the accumulator. 

The lOCC for the mask instruction is shown 
below: 
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Note that the area is 00000 and that modifier 
bits 8-10 must be 100. 

The status of address bit positions 0-13 or 0-9, 
depending on modifier bit 15 (Z) , determine whether 
external interrupt levels 0-13 or 14-23 are masked 
or unmasked: 

A 1-bit masks the corresponding interrupt level. 

A 0-bit unmasks the corresponding interrupt level. 

STATUS WORDS 

The l/O devices on the 1800 system and some of the 
system features contain "status'' indicators. The 
on/ off condition of each status indicator reveals to 
the operating program an operation status or condi- 
tion of the device associated with the indicator. 
Status indicators are also contained in the process 
being monitored/controlled by the 1800 system. 
Both system and process oriented indicators project 
their individual conditions to the processor-control- 
ler via the in-bus for program interrogation. 

Some of the status indicators may reflect a 
condition in the device or process that requires a 
program response. These indicators are assigned 
to interrupt levels and initiate interrupt requests 
when they are turned on. 

The status words used in the 1800 are: 

• Device Status Words (DSW). (The status word 
for the Selector Channel is known as the Channel 
Status Word (CSW). It is functionally the same 
as a DSW). 

• Process Interrupt Status Words (PISW). 

• Interrupt Level Status Words (ILSW). 



Device Status Word Indicators 

DSW indicators usually fall into three general cate- 
gories: 

1. Error or exception interrupt conditions. 

2. Normal data or service required interrupts. 

3. Routine status conditions. 

These indicators are always read into the A- 
register with an XIO Sense Device instruction. The 
indicators can then be interrogated under program 
control. A unique DSW exists for each device. 
Some devices have more indicators than can be 
contained in one word. Therefore more than one 
status word may be associated with a particular 
device. The area and modifier bits of the lOCC 
control word specify the device whose DSW is to be 
sensed and if the device has more than one status 
word, the particular word desired. The format of 
the DSW(s) for each I/O device is shown in Chapter 
1 of the FE Maintenance Manual. 

Some of the indicators in a DSW can be reset 
under program control. Modifier bit 15 being on (1) 
in a Sense Device lOCC specifies reset of all pro- 
gram resettable indicators in the DSW sensed. Indi- 
cators in a DSW that cannot be reset by the program 
are turned off when the respective conditions in the 
device are reset. The functions of each indicator 
in a DSW is explained in the respective section for 
each device. 

Process Interrupt Status Word Indicators 

PISW latches are physically located in the 1800 sys- 
tem (PD50110, sheet 1, C5). They are turned on by 
the closing of a contact or the shifting of a voltage in 
a remote customer process. 

PISW^s are read into the processor-controller 
with an XIO Sense Device or XIO Read instruction 
(B3). The difference between the two instructions 
is where the PISW is stored. An XIO Read instruc- 
tion stores the PISW at the core storage location 
specified by the address word of the lOCC. The 
XIO Sense Device instruction stores the PISW in the 
A- register. When a PISW is read using either of 
these two instructions, all indicators in the PISW 
read are unconditionally reset (C5). 

Assignment of PISW Bit Positions 

Process interrupt points are terminated on 16- 
position terminal blocks within the 1800 system 
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(PD50110, Sheet 1, D2). The terminal block posi- 
tions are assigned to PISW^s as specified by the 
customer on a PISW assignment form. The follow- 
ing paragraphs define assignment restrictions. 

Eight process interrupt adapters are available. 
Each adapter operates three 16-point groups (RC009). 
This combination provides a total of 24 16-point 
groups or a total of 384 interrupt points. Each of 
these 16-point groups is divided into four sets of 
four points each for PISW assignment. The sets in 
each 16-point group are through 3, 4 through 7, 
8 through 11, and 12 through 15. All sets of a group 
can be assigned to the same PISW or to different 
PISW's. However, the four points in a set must be 
assigned to the same PISW. 

Each PISW can have 16 points assigned (four 
sets of four points each), and the positions of the 
PISW correspond to the positions of the points as- 
signed. As shown in Figure 3-22 for example, ter- 
minal block positions through 3 may be assigned to 
bit positions through 3 of one PISW; terminal block 
positions 4 through 7 may be assigned to bit positions 
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4 through 7 of a second PISW; etc, . In a like man- 
ner, terminal block positions through 7 could be 
assigned to bit positions through 7 of one PISW 
and terminal block positions 8 through 15 could be 
assigned to bit positions 8 through 15 of a second 
PISW. However, no cross assignment such as 
position of the terminal block to bit position 1 of 
a PISW is permitted. Position must be assigned 
to bit position 0, 1 to 1 . . . and 15 to 15. 

Process Interrupt Status Word Address Assignment 

PISW's are considered to be digital inputs but each 
PISW has its own unique address (PD20101, A4). 
Twenty -four PISW's are available and are numbered 
1 through 24. The PISW's are assigned addresses 2 
through 25 respectively. PISW's are addressed by 
the lOCC modifier bits of an XIO Sense Device or 
XIO Read instruction. 

Interrupt Level Status Words 

The interrupt facility includes one 16-position Inter- 
rupt Level Status Word (ILSW) for each interrupt 
level. (Trace and CE interrupt levels are exceptions 
as they are unique interrupts and require no ILSW 
for interrupt request identification. ) 

As shown in Figure 3-23, each ILSW bit is 
assigned to a PISW or a specific device. PISW in- 
dicators are ORed into the assigned ILSW bit posi- 
tion. Similarly, all DSW interrupt indicators from 
the assigned device are ORed into the single ILSW 
bit position assigned to the device. Whenever any 
one of the ORed interrupt indicators from a PISW 
or DSW is active, the respective ILSW bit is turned 
on causing the interrupt level to request service. 
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Figure 3-22. Bit Positions Assignment of PISW's (typical) 



Figure 3-23. Relationship of Status Words 
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An ILSW is read into the A-register by an XIO 
Sense Interrupt Level instruction. The programmer 
does not specify the particular ILSW in the XIO Sense 
Interrupt Level instruction used to read an ILSW. 
This specification is fixed; that is, each ILSW is 
hardware assigned to its interrupt level. The XIO 
Sense Interrupt operation places the ILSW of the 
highest priority level requesting service into the 
A-register. 

After a request for service has been recognized 
and the ILSW of the requesting interrupt level has 
been read into the A-register by an XIO Sense Inter- 
rupt Level instruction, the program determines 
which bit position in the ILSW caused the interrupt. 
This bit position identifies the DSW or PISW that 
has the inter rupt-initiating indicator. The DSW or 
PISW is then analyzed by the program to determine 
which indicator in the DSW or PISW caused the in- 
terrupt. 

Note that, except for internal interrupts, none 
of the DSW/ PISW interrupt indicators ORed into 
ILSW bit positions are reset when the ILSW is read 
into the A-register. The indicators in a DSW are 
not reset until they are read into the A-register with 
an XIO Sense Device instruction with reset (lOCC 
modifier bit 15 on). Indicators in a PISW are uncon- 
ditionally reset when read by an XIO Sense Device 
or XIO Read instruction. 

Interrupt Level Status Word Assign merit 

Each external interrupt level has its own 16-position 
Interrupt Level Status Word (ILSW) to reflect the 
status of interrupt requests connected to the inter- 
rupt level. Each device or PISW is assigned to a 
specific ILSW and a particular bit position in that 
ILSW by the customer. Since each interrupt level 
has a fixed priority, the customer essentially assigns 
interrupt priority when he assigns a device or PISW 
to an ILSW bit position. Devices and PISW's are 
assigned to ILSW bit positions on the Interrupt 
Level Status Word assignment form. Assignment 
of devices or PISW's to ILSW's should begin with the 
leftmost bit position (bit 0) and progress to the next 
higher bit position for each additional device or 
PISW assigned to the ILSW. The following para- 
graphs describe restrictions on ILSW assignment. 

A device (DSW) or PISW must be assigned to one 
and only one ILSW bit position. For example, each 
device in the first group of four 1816/l053's must 
be assigned to a different ILSW bit position for the 
same interrupt level. Similarly, each device in the 



second group of four 1816/1053 's must be assigned 
to a different ILSW bit position for the same inter- 
rupt level. (It can be the same interrupt level as 
the first group. ) 

If the process interrupt routine in the Time 
Sharing Executive System or Multiprogramming 
Executive Operating System is used, each PISW 
must be assigned to its corresponding ILSW. For 
example, PISW 1 must be assigned to ILSW 0, PISW 
2 must be assigned to ILSW 1, . . . and PISW 24 must 
be assigned to ILSW 23. Three PISW's are provided 
with each process interrupt adapter. The PISW's 
for any one process interrupt adapter must be as- 
signed within either through 11 or 12 through 23 
interrupt level groupings. In addition, only one 
area code may be represented by any one ILSW bit. 

The following interrupt requests must be as- 
signed to an ILSW for all systems: 

TI Timer interrupt (combined interrupt 

from all three interval timers) 
Typ-1 First 1053 or 1816 (circuits basic in 

processor-controller) 
2401/2 1802 processor-controller only 
CI Console interrupt (can be assigned to 

any unused bit position on any available 

interrupt level) 

Other interrupt requests must be assigned to an 
ILSW only if the feature is ordered for the system. 

INTERRUPT SERVICING 

The 1800 system is programmed to service interrupt 
requests in several ways, depending on interrupt 
level assignments. Examples follow: 

1. A PISW and other interrupt requests are inter- 
mixed on the same interrupt level. If a process 
interrupt request occurs, the ILSW is inter- 
rogated first and the PISW is interrogated 
subsequently. 

2. PISW's and other interrupt requests are inter- 
mixed on the same interrupt level, but the PISW's 
are to be given priority on that level. In this 
case, the PISW's (typically one) are interrogated 
directly prior to interrogating the ILSW. 

3. An interrupt level is completely reserved for 
PISW's. In this case, the ILSW is inter- 
rogated to determine which PISW contains 
the actual interrupt request. 
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4. An interrupt level is reserved for only one 

PISW. In this case, the program can go directly 
to interrogation of the PISW. 

In general, an interrupt occurs at the completion 
of the instruction being executed when the interrupt 
request occurs. However, the interrupt cannot 
occur when any of the following conditions exist: 

1. The instruction being executed when the inter- 
rupt request occurs is either an XIO instruction, 
or an interrupt-forced or normal Branch and 
Store Instruction Register (BSI) instruction. 
These instructions effectively mask all inter- 
rupts during their execution and the execution 

of the next instruction. 

2. The interrupt request level is masked. The 
request will be retained by the device adapter 
for recognition when the interrupt level is un- 
masked. Programmed interrupts are not re- 
tained if masked prior to the execution of the 
forced BSI instruction for that interrupt. 

3. The interrupt request is on the same or lower 
priority level than an interrupt being serviced. 

Programming Details 

When an interrupt request is recognized, an inter- 
rupt-forced BSI instruction with indirect addressing 
is generated and executed. The address portion of 
the forced BSI instruction is imique for each inter- 
rupt level as shown in Figure 3-21. Program opera- 
tion from this point is shown in Figure 3-24 and 
described in the following paragraphs. The circled 
numbers in Figure 3-24 correspond to the numbered 
descriptions. 
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The interrupt request occurs during execution 
of the main line program. 

The forced BSI instruction with indirect address- 
ing stores the contents of the I- register at the 
effective address (EA) and causes a branch to 
the interrupt subroutine at EA + 1. The EA is 
the address that the user stores at the interrupt 
vector. 

The interrupt subroutine stores all data and/or 
index registers that it will use. Prior to sub- 
routine completion, the subroutine restores 
the same data and/or index registers. 
The last instruction of the interrupt subroutine 
is a Branch or Skip on Condition (BOSC) in- 
struction (bit 9 = 1) that returns the program to 
the address previously stored at the EA of the 
forced BSI instruction (step 2). This address 
is the location of the next sequential instruction 
in the main line program. The BOSC instruction 
also resets the interrupt level so that other 
lower priority levels can be recognized. 



If a Wait instruction is operative when the in- 
terrupt request occurs, the Wait instruction is con- 
sidered complete when the interrupt request is 
recognized. Following completion of the interrupt 
subroutine, the instruction immediately following 
the Wait instruction is executed. 

Interrupt Request Identification 

Because a number of interrupt requests can be as- 
signed to any one priority level it may be necessary 
for the program to analyze the ILSW of the request- 
ing interrupt level to determine the source of the 
interrupt request signal. This analysis is 
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Figure 3-24. Program Identification of Interrupts 
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accomplished within the interrupt subroutine as 
described in the following paragraphs. (The num- 
bered descriptions relate to the circled numbers 
in Figure 3-24. ) 
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A Load Index Register (LDX) instruction loads 
an index register with the number of interrupt 
request signals assigned to the ILSW. 
An XIO Sense Interrupt Level instruction causes 
the ILSW of ,the interrupt level being serviced 
(highest priority level on) to be set in the A- 
register. Only the function field of the lOCC 
need be specified. The other fields of the lOCC 
are not used. The status of the indicators in 
the devices or PISWs assigned to the ILSW 
are not affected. 

A Shift Left and Count A (SLCA) instruction is 
executed with the index register loaded in step 
5 specifying the number of shift counts. The 
resulting count in the index register corresponds 
to the first non-zero ILSW bit in the A-register. 
A Branch or Skip on Condition (BSC) instruction 
with indirect addressing and indexing is exe- 
cuted. The index register used contains the 
count corresponding to the first non-zero bit 
in the A-register. The address portion of the 
BSC instruction contains the address of the first 
word of a branch table. 

The branch table (Figure 3-25) consists of 
a table of addresses. Each address is related 
to an interrupt request position in the ILSW and 
specifies the location of a subroutine for that 
particular interrupt request. For example, if 
ILSW bit position zero is on (1), the last word 
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of the branch table is used and the BSC branch 
is to the address stored in the last word of the 
table. If ILSW bit position one is on (1), the 
BSC branch is to the address stored in the next 
to the last word of the branch table, etc. 

EXAMPLE OF IDENTIFICATION: The preceding 
sequence of instructions locates the specific sub- 
routine for the ILSW bit that initiated the interrupt. 
It should be noted that each time the A-register is 
shifted (step 7), the shift coimt is decreased by one. 
As the shift count is decreased, the indexed ad- 
dress for the BSC instruction is decreased. Effec- 
tively, the branch address of the BSC instruction 
begins with the address located in the last word of 
the branch table and progresses toward the first 
word of the branch table each time the A-register 
is shifted. The following is an example of inter- 
rupt request identification, with the circled numbers 
corresponding to those in Figure 3-24: 
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Load Index Register: Index register one (XRl) 
is loaded with 16 or the maximum number of 
interrupt request signals connected to the level 
which caused the interrupt. (In this example, 
assume 16 request lines are connected to the 
interrupting level. ) XRl appears as shown in 
the following illustration. 



00 00 00000001 0000 

_J L_J I I I I I I I I I I I 1— 



(e) Execute l/O: The XIO instruction references a 
Sense Interrupt Level lOCC. This causes the 
ILSW of the interrupting priority level to be 
loaded into the A-register. The A-register (for 
this example) appears as follows: 



15 



ILSW 00001 00000000010 



Figure 3-25. Figure ILSW Branch Table 



Shift Left and Count: This instruction normalizes 
the A-register and leaves a remainder count 
in the index register. Note in the following 
illustration that four shifts have reduced the 
value in XRl from 16 to 12. Also note that bit 
position 8 and 9 in the index register are set to 
zero regardless of their previous status and 
bit position through 7 remain imchanged. 
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Branch or Skip on Condition. This instruction, 
with both indexing and indirect addressing, pro- 
vides a branch to a subroutine. The location of 
the subroutine is specified by the EA of the 
instruction (the contents of a word in the branch 
table). The address of the desired word in the 
branch table is the sum of the address of the 
first word in the table (address portion of the 
instruction) and the contents of XRl (12, in this 
example). 



Device Indicator Identification 

If the device or PISW requesting service has more 
than one possible interrupt condition, it is necessary 
for the program to determine which indicator in the 
DSW or PISW is responsible for the interrupt 
request. This identification can be made in almost 
the same manner as previously described in steps 5 
through 8, with the following differences: 

1. The LDX instruction (step 5) loads the index 

register with the maximum number of indicators 



assigned to the DSW or PISW instead of the 
number of interrupt request signals assigned 
to the ILSW. 

2. An XIO Sense Device instruction is executed in 
step 6 instead of an XIO Sense Interrupt Level 
instruction. The area and/or modifier codes 
must specify the device or the status word. 

3. SLCA and BSC instructions (steps 7 and 8) 
should be programmed so that all possible inter- 
rupting conditions are checked; i. e. , even if 
one condition is on (1), the other conditions are 
not assumed to be off (0). 



Interrupt Programming Notes 

If an interrupt subroutine can be entered from more 
than one interrupt level, there can be a significant 
problem in loss of data (return addresses and inter- 
mediate subroutine results) unless care in program- 
ming is exercised. 

It should also be noted that if only one device or 
PISW (one interrupt request signal) is assigned to an 
interrupt level, the program can be written so that 
only the DSW or PISW is read into the A-register 
and interrogated. Since only one interrupt 
request is assigned to the interrupt level, the 
ILSW need not be interrogated. 
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Chapter 4. Features 



• A list of the IBM 1800 system special features 
is in Appendix B of this manual. 

• An introduction to each of the following features 
is included in this chapter: 

System/360 to 1800 system adapter 
1800 system communications adapter 
1800 system selector channel 

• P-C features that are expansions of the standard 
features are described with the standard fea- 
tures in this manual. 

• Data processing I/O and process l/O features 
are described in the FE Theory of Operation 
manuals pertaining to those features. 



System/360 Adapter 



e Permits two-way exchange of data between the 
1800 processor-controller and the System/360 
(Model 25, 30, 40, 44, or 50). 

• In the System/360, the adapter requires an 
available position of a multiplexor or selector 
channel. 

• In the 1800 system, the data channel feature 
is required. 

This feature provides the ability to transfer blocks 
of data between System/360 core storage and 1800 
system core storage. Each system regards the other 
as an I/O device capable of requesting service on a 
random basis. 

The adapter consists of standard SLT circuits of 
the 30-nsec family and, therefore, requires the 
three standard supply voltages: +3V, -3V, and +6V. 
The adapter is housed in, and powered from, the 
1826 Data Adapter Unit, model 1 or model 2. 



• The adapter acts as a burst -mode control unit 
on the System/360 and performs in cycle-steal 
mode on the 1800 system data channel. 

• Control command information, including modi- 
fier bits, from either system is loaded into the 
adapter buffer and made available to the other 
system by use of their respective sense 
commands. 

Data transfers to or from the 1800 consist of one 16- 
bit word, and transfers to or from the System/360 
channel consist of two eight -bit bytes. A sixteen bit 
(plus 2 parity bits) buffer register is provided in the 
adapter for serializing and deserializing the data 
bytes. The left-hand byte of the buffer, correspond- 
ing to the more significant byte of the 1800 word, is 
the first to be loaded or transferred over the ^stem/ 
360 channel. 

A word count (1800) and a byte count (360) must 
be specified for a data transfer operation. Which- 
ever count is least will terminate the transfer (one 
word count equals two bjrte counts) . If the word 
count and byte count reach zero simultaneously, the 
1800 will terminate the transfer. If the System/360 
terminates with an odd byte count, the last byte will 
be lost. A word count of zero or a byte count of 
zero or one is invalid. 

The priority of the System/360 Adapter is 
selected for the 1800 by assigning a particular inter- 
rupt level and a particular data channel priority to 
the device. Control unit priority for the System/360 
is governed by its position on the channel. 

If the System/360 wishes to stack attention, 
channel-end, or device-end, it may do so by respond- 
ing to status-in with command-out. 

Suppress -out may be used to keep the System/ 
360 channel from being overrun during chain data 
operations, or at any time the channel needs to slow 
the operation for some other reason. The adapter 
will not request service from a channel while 
suppress-out is up. 



FUNCTIONAL DESCRIPTION 

• The adapter has two device addresses, one of 
which responds to the System/360 and the other 
to the 1800 system. 



SYSTEM/360 COMMANDS 

The S/360 adapter decodes and responds to the fol- 
lowing I/O commands from the S/360 program: 
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start I/O (SIO). 
Test I/O. 
Halt I/O. 

All valid command codes from the System/360 
are acceptable to the adapter, hence undefined oper- 
ations as established for each application must be 
rejected at the programming level in the 1800 sys- 
tem. The System/360 Adapter rejects undefined 
command functions from the 1800 and identifies 
this occurrence by a command-reject status bit 
presented in the device status word. 

Start I/O 

The ^start-l/O' command references a channel com- 
mand word (CCW) which is similar in function to the 
lOCC in the 1800. The CCW's can be chained, allow- 
ing one SIO to initiate more than one I/O operation. 
Each CCW defines the command as being one of the 
following commands: 



XXXXXMOl 
XXXXXMIO 
XXXXXlll 
XXXXO 100 
XXXXl 100 
XXXXXOll 



Write 

Read 

Control Immediate 

Sense 

Read Backward 

No Operation 



The M-bit modifier = 1 in the read and write 
commands is used to suppress the 1800 interrupt 
normally caused by a System/360 command when 
loaded into the buffer. See timing chart (FV70101) 
and flow chart (FV60130) for initial selection 
sequence. 



CONTROL TO IDLE ADAPTER: Control -immediate 
is used as the initial command in a System/360 
initiated data transfer. The complete control com- 
mand byte, including modifiers, is latched in the 
adapter buffer. The adapter responds to the com- 
mand/with channel-end status and initiates an inter- 
rupt in the 1800. After identifying the source of the 
interrupt, the 1800 executes a sense-device com- 
mand which loads its accumulator with the device 
status word containing the System/360 command 
byte from the buffer, then the adapter sends a 
device-end status to the System/360. 



CONTROL TO BUSY ADAPTER: There are three 
busy responses to a System/360 control command: 

1. Busy status alone is the response to the control 
command if the System/360 channel has pre- 
viously issued a control command that is still 
latched in the adapter. 

2. Busy and device-end status is the response to 

a control command if a previously issued control 
command has been cleared but the device -end has 
not yet been accepted by the System/360 channel. 
This clears the device -end status and leaves the 
adapter idle. 

3. Busy and attention status is the response to a 
control command from System/360 if the 1800 
has previously issued an initialize -read or 
initialize-write. The attention, after being 
accepted in this way, no longer attempts to inter- 
rupt the System/360; but if another command, 
such as control, is issued from System/360, the 
response will still be busy and attention. 



Control Immediate 



Sense 



Control, as used with the adapter, is always an 
immediate conmiand. This means that channel -end 
status is sent to the System/360 channel in response 
to the initial command-out if the command is acceptecj, 
thus freeing the channel during the start -I/O opera- 
tion if a chain flag was not present. A control com- 
mand may be rejected because the 1800 system had 
previously commanded the adapter with an initialize - 
read or initialize-write. 

The modifier bits in the control command byte 
may be used to communicate the particular type of 
transfer requested by the System/360. The control 
command is normally chained to a subsequent read 
or write command as required, to complete the 
transfer. See flow chart (FV60130). 



The sense command is the normal System/360 re- 
sponse to attention status resulting from an 1800 
initiated transfer. The sense command places in 
core storage, at the address specified in the CCW, 
one or two eight-bit bytes of sense data under control 
of the byte count. 

The sense data (Figure 4-1) consists of the 
contents of the System/360 Adapter buffer latches. 
The System/360 channel receives an initial status 
of zero and an ending status of device -end and 
channel -end. If the adapter contains an uncomple- 
mented 1800 command (an initialize read or initialize- 
write that has not yet been serviced by the System/ 
360 channel) , the ending status will also include 
attention. 
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Command Previously 
Issued from 1800 


High-Order Buffer (A) 


Low-Order Buffer (B) 


Bytel 


Byte 2 


Area [ Fctn 


Modifier 


Initialize-Recd 


1 1 ill 1 


xxxxxxxx 


IniHolize-Write 


1 1 1|1 1 


xxxxxxxx 


Control 


o!o 


00000000 


Adapi-er Idle 


Undefined 
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Figure 4-1 . Sense Data Presented to Adapter from 1800 System 

The only exception is encountered when the Sys- 
tem/360 issues a sense command to the adapter be- 
fore a previous control from the System/360 channel 
has been cleared. If the control has not been ans- 
wered by a sense command from the 1800, then the 
System/360 sense command receives a busy status 
in response. If the control has been answered, but 
the device -end has not been taken, or has been 
stacked , then the System/360 sense command re- 
ceives busy and device-end status. This clears the 
device-end from the adapter and leaves it idle. See 
flow chart (FV60140). 

Read or Read Backward 

The adapter controls recognize no difference between 
read and read-backward from the System/360 chan- 
nel. In both cases, the primary function of the 
adapter is the transmission of data bytes to the Sys- 
tem/360 from the 1800. See flow chart (FV60145). 

READ TO IDLE ADAPTER: When the read command 
is issued to an idle adapter, the System/360 channel 
receives zero status response and then holds up until 
the 1800 executes an initialize -write command. An 
interrupt is immediately set up to signal the 1800 
that an operation is waiting, unless suppressed with 
the M bit. The complete read command hyte is 
latched in the adapter buffer and is available to a 
sense-device command from 1800. Note that the M 
bit cannot be used with the read-backward command. 

READ TO A WAITING INITIALIZE -WRITE: If a 
read issued by Siy stem/3 60 encounters a previously 
issued initialize -write from the 1800, both opera- 
tions are performed. The System/360 channel re- 
ceives zero status from the adapter. The operation 
continues until either the System/360 responds to 
its service-in with a stop command (byte count re- 
duced to zero), or the adapter word count is reduced 
to zero with no 1800 data chaining indicated. 

When a stop command is received from the 
System/360 or the word counter reaches |0, status 
containing channel-end and device-end is issued to 



the System/360 channel. The acceptance of the 
status by the System/360 channel frees the adapter 
and returns it to idle. 

READ TO BUSY ADAPTER: There are three busy 
responses to a System/360 read command: 

1. Busy status is the response to the read command 
if the System/360 has previously issued a control 
command that is still in the adapter. 

2. Busy and device -end status is the response to a 
read command if a previously issued control 
command has been cleared but the device-end 
has not been accepted. This clears the device- 
end and leaves the adapter idle. 

3. Busy and attention status is the response to a 
read command from System/360 if the 1800 has 
previously issued an initialize-read. If the 
attention has not been previously accepted by 
the System/360 channel, this clears it as an 
interrupting condition, although it will continue 
to appear as a response to further read com- 
mands until the initialize-read is satisfied. 

]/\lrite 

The primary function of the System/360 Adapter on a 
write command is the transmission of data from the 
System/360 to the 1800. The operation of the write 
command is similar to the read command except 
for the direction of transfer. See flow chart 
(FV60150) and timing chart (FV70120). 

WRITE TO IDLE ADAPTER: When the write com- 
mand is issued to an idle adapter, the System/360 
channel receives zero status response and then holds 
up until the 1800 executes an initialize-read com- 
mand. An interrupt is immediately set up to signal 
the 1800 that an operation is waiting, unless the 
interrupt has been suppressed with the M bit. The 
complete write command byte is latched in the 
adapter buffer and is available to a sense command 
from the 1800. 

WRITE TO A WAITING INITIALIZE-READ: If a 
write command issued by System/360 encounters a 
previously issued initialize-read from the 1800, both 
operations wiirbe performed. The System/360 chan- 
nel receives zero status. The operation continues 
until System/360 responds to a service-in with a stop 
command (byte count reduced to zero) or the adapter 
word count is reduced to zero with no 1800 data chain- 
ing indicated. 

When the byte count, or the adapter word count, 
is reduced to zero, status containing channel-end 
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and device-end is issued to the System/360 channel. 
The acceptance of the status by the System/360 
channel frees the adapter and returns it to idle. 

WRITE TO BUSY ADAPTER: There are three busy 
responses to a write command issued by the System/ 
360 channel: 

1. Busy status is the response to the write com- 
mand if a previously issued control command is 
still in the adapter. 

2. Busy and device-end status is the response to 

a write command if a previously issued control 
command has been cleared but the device -end 
has not been accepted. This clears the device- 
end and leaves the adapter idle, 

3. Busy and attention status is the response to a 
write command from System/360 if the 1800 has 
previously issued an initialize -write. If the 
attention has not been previously accepted by 
the System/360 channel, this clears it as an 
interrupting condition, although it will continue 
to appear as a response to further write com- 
mands until the initialize -write is satisfied. 

Test I/O 

A test -I/O may be used by the programmer to deter- 
mine the status of the System/360 Adapter any time 
the channel is free. The status received indicates 
the condition of the adapter as follows: 

1. Zero status indicates that the adapter was idle 
at the time of response. 

2. Busy status indicates that a control previously 
issued has not been accepted by the 1800 channel. 

3. Attention status indicates that the 1800 has previ- 
ously issued an initialize-reador initialize -write. 

4. Device-end status indicates that a previously 
issued control has been accepted, but that the 
final interrupting condition has not been accepted 
by the System/360 channel. This clears the 
device-end status and leaves the adapter idle. 

5. Channel-end and device-end status indicates that 
a data transfer has been terminated but that the 
final interrupting condition has not been accepted. 
This clears the status and leaves the adapter idle. 

No-Operation 

The no-operation command as used with the System/ 
360 Adapter does not affect the contents of the adapter 
latches. It is always handled as an immediate 
command. 



NO-OPERATION TO IDLE ADAPTER: If a no-op 
command is issued to an idle adapter, the System/ 
360 channel receives a status response containing 
channel-end and device-end. No interrupt occurs 
in the 1800. 



NO-OPEEATION TO BUSY ADAPTER: There are 
three busy responses to a no-operation from the 
System/360 channel: 

1. Busy status is the response to the no-op command 
if a previously issued control command is still 

in the adapter. 

2. Busy and device-end status is the response to a 
no-op command if a previously issued control 
command has been cleared but the device -end 
has not been accepted by the System/360 channel. 
This clears the device -end status and leaves 

the adapter idle. 

3. Busy and attention status is the response to a 
no-op command from System/360 if the 1800 
has previously issued an initialize -read or 
initialize-write. 

Halt I/O 

When the System/360 Adapter recognizes the halt- 
I/O condition, its response is immediate. It termi- 
nates the operation, sets channel-end and device- 
end in its status , and waits for a chance to send the 
status to the System/360 channel. The 1800 receives 
halt status via interrupt and the sense command. 

If halt -I/O is issued while an unserviced Sys- 
tem/360 control is latched in the adapter, the con- 
trol will be busy-rejected. If halt-l/O is issued to 
an idle adapter , no status is developed. 



1800 SYSTEM COMMANDS 

• Reference FV60110 (flow chart). 

The System/360 Adapter decodes and responds to the 
following 1800 system commands: 

101 Initialize -Write 

110 Initialize -Read 

111 Sense Device 
Oil Sense Interrupt 

100 Control (Blast Reset) 

The adapter rejects undefined command functions 
from the 1800 and identifies this occurrence by the 
command -reject status bit presented in the sense word. 
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Sense Device Status Word 

• Reference FV60120 (flow chart) and FV70140 
(timing chart). 

An unmodified sense-device command (''zero" in bit 
8 of the control word) to the adapter causes the de- 
vice status (8 bits) and the current contents of the 
low-order buffer (8 bits) to be placed in the sense 
word for transfer to the P-C accumulator. The 
sense data presented under alternative conditions 
are listed in Figure 4-2. 

Sense Word Count 

• Reference FV60120 (flow chart) and 
FV70140 (timing chart). 

A modified sense-device command ("one" in bit 8 of 
the control word) causes the current word coimt of 
the 1800 data channel (14 bits) to be placed in the 
sense word in true binary form for transfer to the 
P-C accumulator. 



INITIALIZE -READ TO IDLE ADAPTER: Execution 
of this function latches the 16 -bit control word of 
the lOCC containing the area, function, and modifier 
into the adapter buffer, loads the adapter word 
counter and scan control latches, and raises atten- 
tion status to notify the System/360 that an operation 
is waiting. 

INITIALIZE -READ TO A WAITING WRITE: This 
command, issued in conjunction with a write 
command from the System/360, loads word counter 
and initiates data transfer from the System/360 to 
the 1800. The operation continues until either the 
System/360 byte count is zeroed or the adapter word 
count is zeroed. Terminating status is transfer-end. 
If the System/360 byte count goes to zero before the 
adapter word count, terminating status will also 
contain halt. 



INITIALIZE-READ TO BUSY ADAPTER: There, 
are two busy responses to an initialize -read 
command: 



Sense Interrupt 

9 Reference FV70140 (timing chart) and 
FV60110 (flow chart). 

The 1800 responds to the adapter interrupt by execu- 
ting a sense-interrupt command to identify the source 
of the interrupt. Having established the adapter as 
the source of the interrupt, the 1800 program issues 
a sense-device command (unmodified) to the adapter 
to identify the specific interrupting condition. 

Initialize-Read 

• Reference FV70110 (timing chart) and 
FV60110 (flow chart). 



Command Previously 
Issued from S/360 


Device Status Word 


Low-Order Buffer (B) 


Command Byte 


Read 


10 


X X X X X M 1 


Read Backward 


10 


X X X X 1 10 


Write 


10 


X X X X X M 1 


Control 


10 


X X X X X 1 1 1 


Adapter Idle 


Undefined 
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Figure 4-2. Sense Data Presented to Adapter from System/360 



1. Busy rejection is caused by issuing the command 
to a previously issued uncompleted command 
from the 1800. The condition can be interrogated 
with a sense -device command which will indicate 
command -reject and 1800 -command -stored 
status. 

2. An initialize -read to the adapter which contains 
a previously issued System/360 read or control 
command will be rejected and will indicate 
command -reject and 360 -command -stored 
status. 

Initialize-Write 

• Reference RV70110 (timing chart) and 
FV60110 (flow chart). 



Issued to a waiting read command from the System/ 
360, initialize -write loads the adapter word counter 
and initiates data transfer. If the adapter is idle, 
attention status is raised and the buffer is loaded 
with the lOCC control word. Busy responses are 
as indicated under initialize-read with the read/ 
write relationships reversed. 

Control 

The control function provides the Customer Engineer 
with a means of re -cycling a failing operation when 
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servicing the Systein/360 Adapter. Execution of 
this function resets the adapter (including the CS- 
request flip-flop) in the same manner as a selective 
reset (System/360) or a master reset (System/360 
or 1800). The adapter is not available to either 
system for the duration of the reset. 

If the System/360 is using the adapter at the 
time of reset, an interface control check may occur 
in the System/360. See flow chart (FV60110). 

DEVICE STATUS 
System/360 Status Byte 

The System/360 Adapter presents the following device 
status information to the System/360: 



The status definition and use of those bits pre- 
sented to the System/360 are as defined in the System/ 
360 Field Engineering Theory of Operation manual. 

Attention (bit 0) , when on, indicates that a prior 
read or write command function has been issued 
from the 1800 but has not yet been recognized by the 
System/360 channel. 

Busy (bit 3) is off when the System/360 Adapter is 
idle. Busy-on indicates that the device has been 
selected by the System/360 and either an operation 
is pending or a transfer is in progress, 

Channel End (bit 4) is presented to the System/360 
channel during initial selection sequence for control - 
immediate or no-op, or with device -end during the 
ending sequence for all others. 

Device End (bit 5) is presented to the System/360 
channel during initial selection sequence for no-op, 
or after an 1800 sense command response to control- 
imnaediate, or at the end of the data transfer for all 
others. 

1800 Device Status Word 

The System/360 Adapter presents the following status 
information to a sense conamand from the 1800: 



Status Condition 


DSW Bit Position 


Command Reject* 





1800 Command Stored 


1 


360 Command Stored* 


2 


Halt* 


3 


Data Check* 


4 


Storage Protect* 


5 


Transfer End* 


6 


End of Table* 


7 


360 Command Byte 


8-15 



Status 
Condition 


System/360 Status 
Byte Bit Position 


on 

1. 
2. 

3. 


Attention 
Busy 

Channel End 
Device End 



3 
4 
5 



*Interrupting Condition 



Command Reject (bit 0) , when on, indicates that the 
System/360 Adapter refused an 1800 command for 
one of the following reasons: 



Invalid op code. 

An initialize -read or initialize -write was issued 

before a previous initialize -read or initialize - 

write had been cleared. 

An initialize -read was issued after the System/ 

360 had issued a read or control command. 

An initialize -write was sent after the System/ 

360 had issued a write or control command. 



4. 



Command reject causes an unconditional 1800 
interrupt. It also causes an 1800 internal interrupt 
due to CAR -check failure. This indicator is reset 
after an 1800 sense -device command with bit 15 on. 

1800 Command Stored (bit 1) turns on when the 
System/360 Adapter has accepted an initialize -read 
or initialize -write from the 1800. It is reset when 
transfer -end occurs. 

360 Command Stored (bit 2) , when on, indicates that 
the System/360 has issued a read, read-backward, 
write, or control command which was accepted by the 
System/360 adapter. 

This is a conditional interrupt because the indicator 
may be turned on without causing an interrupt if the 
M bit is set in a System/360 read or write command, 
or if a read, read -backward, or write command was 
preceded by a complementary 1800 command (status 
bit 1 on) . The interrupting condition can be cleared 
by an 1800 sense-device command with bit 15 on. 

If the System/360 command was read, read- 
backward, or write, this indicator remains on until 
transfer -end occurs. If the command was control, 
this indicator is turned off after an 1800 sense-device 
command with bit 15 on. 
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Halt (bit 3) turns on and causes an unconditional 
1800 interrupt if the System/360 stops data transfer 
with either a normal stop or an interface disconnect 
sequence. Bit 6 (transfer -end) will also be on. This 
indicator is reset after an 1800 sense-device com- 
mand with bit 15 on. 

Data Check (bit 4) indicates that the 1800 detected a 
parity error during a cycle -steal or the adapter detect- 
ed a System/360 bus-out parity error. The data check 
causes an unconditional interrupt in the 1800 and is re- 
set by an 1800 sense-device -command with bit 15 on. 

If the error is detected during the first cycle - 
steal of the operation (load -word-count cycle) and there 
is no complementary System/360 command stored, the 
adapter is reset and the 1800 can reinitialize the data 
transfer operation. 

If a parity error is detected during any subsequent 
cycle of the operation, an immediate ending procedure 
is initiated. The adapter issues device-end and 
channel -end to the System/360, and data-check and 
transfer-end to the 1800. 

If incorrect parity is detected during the control 
or data cycle, the adapter ignores the command. The 
data check indicator does not turn on, but an 1800 
internal error results. 



Storage Protect (bit 5) , when on, indicates that the 
System/360 attempted to store data in a protected area 
of 1800 core storage on a System/360 write /1800 read 
data transfer cycle . This causes the System/360 
Adapter to initiate an ending procedure , sending chan- 
nel-end and device-end to the System/360 , and storage- 
protect and transfer -end to the 1800. An unconditional 



interrupt is given to the 1800. This indicator is reset 
by an 1800 sense-device command with bit 15 on. 

Transfer End (bit 6) , when on, indicates that no 
additional data is to be transferred. This status 
can result from any of the following conditions: 

1. The 1800 word count goes to zero and no chain- 
ing is indicated. 

2. The System/360 responds to service-in with 
command -out (byte count = zero). 

3. The System/360 issues a halt -I/O instruction 
or executes an interface -disconnect sequence. 

4. Parity error is detected. 

5. A storage protect violation has occurred. 

Transfer-end causes an unconditional 1800 in- 
terrupt. It is reset by an 1800 sense-device com- 
mand with bit 15 on. (An 1800 initialize -read or 
write is rejected if the transfer-end status is on.) 
The *360 command stored' (bit 2) may be on at the 
same time , indicating that the System/360 has 
initiated a new command. 



End of Table (bit 7) turns on and causes an 1800 
interrupt during the cycle-steal that the 1800 word 
count goes to zero, but only if requested by the scan- 
control bits in the first word of the 1800 data table. 
End-of-table status is reset by an 1800 sense- 
device command with bit 15 on. 

System/360 Command Byte (bits 8-15) . If bit 2 is on 
(*360 command stored*) and bit 1 is off (no 1800 com- 
mand stored) , these eight bits contain the issued 
System/360 command byte. (See Figure 4-2.) 
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Communications Adapter 



TRANSMISSION CODES 



DESCRIPTION 

• Allows communication between an 1800 system 
and other devices or systems in binary 
synchronous communications (BSC) mode. 

• Can control the operation of two line adapters 
concurrently. 

• Uses one or two data channels of the 1800 sys- 
tem. 

The communications adapter (CA) includes the SLT 
circuits required to control communication in BSC 
with these other devices or systems: 

A System/360 via a 2701 data adapter unit 
with the synchronous data adapter n feature. 

A System/360 via a 2703 transmission control 
unit with synchronous features. 

A System/360 model 25 via the integrated com- 
munications attachment equipped for synchron- 
ous operation. 

Another 1800 system with a CA. 

An 1130 with its synchronous communications 
adapter operating in BSC mode. 

A 2770 data communications system. 

A 2780 data transmission terminal. 

Each CA can control one or two line adapters, and 
up to four communications adapters can be included 
in an 1800 system. A data channel of the 1800 sys- 
tem is required for each line adapter which is to be 
included in the system. The maintenance diagram 
manual MAIOIOI shows system data flow as well as 
other information concerning adapter limitations 
and requirements. 

Additional information concerning BSC opera- 
tions and data communications in general is included 
in the following manuals: 

IBM Communications Primer, Order No. 

C20-1668. 
IBM Binary Synchronous Communications, 

Order No. GA27-3004 

Additional information concerning the 1800 commun- 
ications adapter is included in the following manuals: 

IBM 1800 Functional Characteristics, 
Order No. GA26-5918 

IBM Field Engineering Maintenance Diagrams, 
1800 Data Acquisition and Control System, 
Volume 2-FV through YD, Order No. SY26-4129 



• Extended binary -coded-decimal interchange 
code (EBCDIC) or American standard code for 
information interchange (ASCII) is used. 

• For 1800 CA operation, the ASCII code has a 
parity position added. 

The CA operates on the basis of eight-bit characters 
which are set into 1800 core storage two per word. 
Code charts for both codes which can be used are 
shown on MAI 0131. If a CA is controlling two line 
adapters, both line adapters must use the same 
transmission code. However, if the system has 
more than one CA, it is not required that all CA^s 
use the same transmission code. 

EBCDIC has eight bit positions in its standard 
form, and any character can have either an even or 
odd number of I's. ASCII, in its standard form, 
contains seven bit positions. For 1800 CA opera- 
tions, an eighth position is added. The eighth posi- 
tion is set to 1 only when the other seven positions 
contain an even number of l^s. Consequently, ASCII 
characters processed by the CA always have an odd 
number of l^s. 

CONTROL CHARACTERS AND SEQUENCES 

• Control characters and sequences, as well as 
program instructions, control the operations 
of the CA. 

Certain characters and sequences (two characters 
each) can be sensed by the CA circuits. The func- 
tions of these characters and sequences (MA10141) 
are described in the following paragraphs. 

SYN— SYNCHRONOUS IDLE: Used by the CA to 
establish and maintain synchronism in the absence 
of any other character. 

SOH— START OF HEADING: Precedes a block of 
heading data. The CA performs the same functions 
as when sensing an STX character. Any special 
processing of heading data is under program control. 

STX— START OF TEXT: Precedes a block of text 
data. The first STX (or SOH if there is heading 
data) in a message establishes text mode. Any 
later SOH or STX is processed as regular data, 
unless the program directs otherwise. 

ITB— INTERMEDIATE TRANSMISSION BLOCK: 
Indicates the end of a block of heading or text data. 
The block check character (BCC) follows the ITB 
character, but no change occurs in the direction 
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of traasmission. In other words, no "turnaround" 
occurs following an ITB. 

ETB— END OF TRANSMISSION BLOCK: ladicates 
the end of a block of text data. The BCC follows the 
ETB, and a turnaround occurs. The station that 
had been receiving a message is expected to trans- 
mit an acknowledgement after receiving the BCC. 

ETX— END OF TEXT: Iq the 1800 system CA, 
accomplishes the same functions as an ETB. How- 
ever, ETX is usually used only at the end of the last 
text data of a message. The BCC follows an ETX 
and turnaround occurs. 

EOT— END OF TRANSMISSION: Indicates the con- 
clusion of a message transmission. Decoding this 
character when the CA is in text mode has no effect. 
EOT is used after acknowledgement of the receipt of 
the last text data. 

ENQ — ENQUIRY: Used as a request for a response 
that indicates the remote station status. No BCC 
follows the ENQ, but a turnaround is expected. 

NAK— NEGATIVE ACKNOWLEDGEMENT: Indicates 
that the previous block of data was unacceptable and 
that the receiver is ready to accept a retransmission 
of the erroneous block. It is also the not ready reply 
to a station selection. Like EOT, decoding this char- 
acter when the CA is in text mode has no effect. 

DLE— DATA LINK ESCAPE: Used as the first 
character in two-character sequences that provide 
additional line-control functions. For example, 
DLE STX initiates transparent text and DLE followed 
by ETX, ETB, ITB, or ENQ terminates transparent 
text. In the latter instance, the sequence must be 
located at the end of the data table. 



INPUT/OUTPUT CONTROL COMMANDS 

• Operations of the CA are initiated by execute 
input/output (XIO) instructions in the processor- 
controller (P-C) program. 

• Three input/ output control commands (lOCC^s) 
are used for the CA — initialize, sense interrupt, 
and sense device. 

Execution of an XIO instruction in the P-C program 
obtains the two-word lOCC from core storage during 
the XIO control cycle and the XIO data cycle. This 
is the standard operation of the P-C. Only three 
lOCC^s are required, in addition to the control char- 
acters and sequences appearing within the data, to 
control the operation of the CA. 

Initialize CA 

The lOCC sets up the circuits of the CA to start an 
operation. In addition, during the XIO data cycle, 
a cycle-steal request calls for the transfer of the 
byte count word from core storage to the CA. The 
format of the lOCC is: 



8 9 10 II 12 13 14 15 



ADDRESS 



AREA 
I I I 



1 1 







Diagnostic Mode" 

Line f 1 
Line 1 I 1 J 

Continue Timer 

Enable 
Clear CA 



PAD CHARACTERS: Two are used by the CA. The 
pre-SYN pads are provided by the CA circuits (bit 
configuration 01010101 or hex 55) and precede the 
SYN characters at the start of a message. The end- 
ing pad (bit configuration 11111111 or hex FF) 
must be placed in the transmit data table and follows 
any turnaround character or sequence. 

DLE STICK SEQUENCES: Consist of a DLE followed 
by a stick character. Decoding the stick character 
(see chart, MA10131) when the CA is in text mode 
has no effect. In non-text mode, a DLE stick 
sequence causes an end to the current operation. 
Any further use of the sequence is dependent on the 
program. 



A description of each part of the lOCC follows: 

ADDRESS: This field (a complete word), located at 
an even core location, contains the core storage 
address of the first word of the data table, which is 
the byte count word. 

AREA: The area code specifies which CA is to 
respond. The area codes are assigned as follows: 



CA 

1 
2 
3 

4 



Code 

21 (10101) 

22 (10110) 

23 (10111) 
20 (10100) 
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FUNCTION: 101 - Three-bit field that designates 
an initialize operation. 

MODIFIER: The modifier bits expand the Initialize 
CA command as follows: 

Bit 8 Diagnostic Mode: When bit 8 is a 1, the 

operation of the CA is changed as fol- 
lows: 

1. The send data line to the data set is 
also looped back to the input of 
SERDES in transmit mode. 

2. All characters are read from or 
stored in the low order core bits 
8-15. 

3. After each character while trans- 
mitting, and before each character 
while receiving, the diagnostic DSW 
word is stored. This is accomplish- 
ed automatically by the adapter on 

a cycle -steal basis. 

MAS 03 06 shows the setup of diagnostic 
transmit and receive data tables. 



from a known condition. The contents of 
serdes, which are readable by a ^ sense 
device* command, are not reset by this 
command. 

After the XIO data cycle, when cycle-steal priority 
allows, a cycle-steal (CS) cycle occurs. The 
address from the channel address register (CAR) is 
used to address core storage. This is standard 
data channel operation. In this first CS cycle, the 
byte count word is available to the CA on the out bus. 
The format of the bj^e count word is: 



I I I I I I I I I — u. 



. Byte Count (Max. 4095) 
. Suppress Timeout Interrupt 

{0 Receive 
1 Transmit Mode 

• Suppress Table Complete Interrupt 

• Chaining |ii738 | 



Bit 9 Line Selection: When bit 9 is a 0, line 

is designated; when bit 9 is a 1, line 

1 is designated. 

Bit 10 Continue Timer: When bit 10 is a 1, the 
3 -second timeout is changed to 2 seconds 
and the timer is started. This new time- 
out period remains effective until: 

1. A timeout interrupt occurs. 

2. A change from receive to transmit, 
or vice versa, occurs. 

3. A Clear CA is given. 

Note: A cold start Initialize CA com- 
mand or an Initialize CA command that 
changes modes resets the continue tim- 
er. Continue Timer is used when the 
program is not ready to send or receive 
the next record. In the case of a trans- 
mit, as a master station, the program 
should send TTD after the timeout. In 
case of a receive, as a slave station, 
WACK should be sent. 

Bit 11 Enable: The action of this bit is covered 
under the * sense device* command. 



A description of the contents of the byte count word 
follows: 

CHAINING-BIT 0: When this bit is a 1, an automa- 
tic chain to a new table occurs when the end of table 
is reached. The last word of the "chained-from" 
table must contain the address of the "chained-to" 
table. The first word of the *'chained-to** table 
must contain its own address. A hardware check is 
made on this first word. If it is not its own address, 
a CAR check occurs. The second word of the new 
table is a new byte count word. The chain rules are 
shown on MA30156. 

SUPPRESS TABLE COMPLETE INTERRUPT-BIT 1: 
When this bit is a 1, the table! complete interrupt 
does not occur when the byte count goes to zero. 

RECEIVE/TRANSMIT-BIT 2: When this bit is a 1, 
the CA is conditioned for transmit mode and char- 
acters are sent to the data set. When this bit is a 0, 
the CA is conditioned for receive mode and char- 
acters are received from the data set. 



Bit 12 Clear CA: When on (1), this bit resets 
selected triggers and latches in the ad- 
dressed line adapter to enable a restart 



SUPPRESS TIMEOUT INTERRUPT-BIT 3: When this 
bit is a 1, no timeout interri5)t can occur before the 
next turnaround. 
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BYTE COUNT-BITS 4-15: The byte count is set to 
the number of 8 -bit characters in the table. All 
characters including the pad and ' 'anything" charac- 
ters are counted. If an odd byte count is specified, 
the first character (bits 0-7) after the byte count 
word is not used or counted and may be anything. 
Maximum byte count is 4095 



10- 



Sense Interrupt 



FIRST WORD: Not used in execution of this com- 
mand. In the XIO data cycle, the selected DSW is 
set in the P-C accumulator. 

AREA: Selects the CA for which the DSW is to be 
sensed or the operation modified. 

FUNCTION: 111- This code specifies the »sense 
device' command. 



^U ♦ t= » t 4 « I 1 t . 4 :x « i < t ♦= ■> 1^ . ' .' I :c. ;. <...:t.i.t...± 



MODIFIERS: The modifiers expand the 'sense de- 
vice' command as follows: 



This command loads the interrupt level status word 
(ILSW) of the highest priority interrupt pending into 
the accumulator. If the CA is controlling two line 
adapters, both are assigned to the same level, which 
is predetermined by the customer. In the ILSW 
each line adapter is assigned a bit position, also 
predetermined by the customer. Thus the line 
adapter which caused the interrupt is indicated in 
the ILSW by a 1 in its assigned position. 

Sense Device 

This lOCC causes loading of one of the three device 
status words (DSW's) into the P-C accumulator. 
In addition other functions can be accomplished as 
selected by the modifier bits. The format of the 
lOCC is: 

15 4 8 9 10 II 12 13 14 15 



AREA 1 1 1 

,>:, t..t„,t ,t.,,t ,h.,,f i„„x >..,,> ^....f't,..! I I L_ 



Program Receive Input 

Line 10 1 
Line 1 I 1 I 



Continue Timer 
Enable 
Clear CA 

Operating DSW 
Diagnostic DSW 
Byte Count DSW 
Illegal 

Reset Indicators 



00"^ 
01 L 
10 / 
llJ 
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A description of the lOCC follows. Note that three 
of the modifier bits (9, 10, and 11) have the same 
meaning in a sense device command as in an initial- 
ize command. 



Bit 8 



Bit 9 



Bit 10 



Bit 11 



Programmed Receive Input: This bit po- 
sition provides program control of the 
receive data line for the selected line 
adapter by complementing a flip-flop (FF) 
in the circuits. The FF is cleared to its 
off position, so the first command with 
bit 8=1 turns on the 'programmed receive 
input' FF. The FF being on causes a 
space (0) level on the receive data line. 
Each later command with bit 8=1 changes 
the state of the 'programmed receive in- 
put' FF. Thus the receive input data can 
be controlled with a series of commands 
appropriately timed. 

Note: The data set cable switch must be 
in the test position if interference with 
actual input data is to be avoided. 

Line Selection: 0=line 0; l=line 1. 

Continue Timer: Action of this bit is 
identical to its use in the 'initialize CA' 
command. 

Enable: When bit 11 is a 1, a latch is 
set on, which "enables" the line adapter. 
While "enable" is active, an 'end-char- 
acter or ringing' interrupt occurs when 
the data set indicates a ringing condition 
and the CA is not initialized. This latch 
is turned off by issuing another sense 
command with bit 11 off (0) and bit 15 on 
(1). 

Note: If the line adapter is initialized, 
a ringing interrupt cannot occur. This 
function is therefore prevented when 



attempted with the 
mand. 



'initialize CA' com- 



Bit 12 Clear CA: This bit performs the same 
function as it does when given during the 
'initialize CA' command. In addition, 
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the data set will go "on hook" (data set 
ready reset) when a switched network is 
being used. The actual reset of the data 
set ready line is dependent on the delay 
encountered with the type of data set 
used. 

Bits 13 DSW Selection: These bits determine 
and 14 which DSW is loaded into the P-C 
accumulator as follows: 



13 



14 



DSW 









Operating 





1 


Diagnostic 


1 





Byte Count 


1 


1 


niegal 



Bit 15 



Reset Indicators: If this bit is a 1 when 
the sense operating DSW is given, the 
latches associated with bits through 
7 and bit 9 are reset. 



Operating DSW 



123456789 10 II 



"* Carrier On 

~ Command Reject *^ 

~ Data Set Ready 

- Data Overrun ^ 

- BCC check # 

- Parity check # 

- Table Complete *# 

- End Character Decoded or Ringing *^ 

- Timed Out *# 

" Storage Protect Violation *^ 

- Channel Stop *# 



* Causes Interrupt, 

^ Indicator reset by a sense DSW 
(Other indicators are reset by their status turnoff). 
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When bits 13 and 14 of the ^ sense device^ command 
select the operating DSW, it is set into the P-C 
accumulator as shown. The significance of a 1 in 
the indicated positions of the operating DSW is 
described in the following paragraphs. 

CHANNEL STOP-BIT 0: Indicates that a parity er- 
ror, a CAR check error, or a storage protect viola- 
tion has turned on the ^channel stop^ flip-latch (FL). 



CS cycles are prevented and an interrupt is re- 
quested. 

STORAGE PROTECT VIOLATION-BIT 1: This indi- 
cator is turned on and causes a channel stop inter- 
rupt when the CA tries to store received data into a 
storage protected word of core. 

TIMEOUT -BIT 2: This indicator is turned on and 
causes an interrupt if a double SYN or DLE SYN is 
not detected for 3 seconds after CA initialization, or 
SYN^s or DLE SYN's have been on a line continuously 
for over 3 seconds, in normal mode or transparent 
mode respectively. 

A timeout also occurs in 3 seconds in transmit 
mode if the ^ clear to send' line is not activated by 
the data set in response to the 'request to send' 
signal. If continue timer was previously specified, 
the timeout occurs in 2 seconds. The timeout also 
occurs if a table complete with no chaining condition 
exists in transmit mode, and a receive table has not 
been initiated. 

The timeout interrupt can be suppressed within 
a data table by setting a 1 in bit 3 position of the 
corresponding byte count word. 

END CHARACTER DECODED OR RINGING-BIT 3: 
Indicates that the 'end character or ringing' FL is 
on, and an interrupt has been requested. This flip- 
latch can be turned on by either of two means. 

1. Detection of a turnaround character during a 
receive operation. The interrupt is delayed 
until after the pad character is stored. Turn- 
around characters are ENQ, NAK, DLE STICK, 
EOT, ETX and ETB. For EOT and NAK, at 
least four I's of the following pad character 
must be received for the character to be recog- 
nized as a turnaround. 

DLE STICK, EOT and NAK do not cause an 
interrupt if they appear in text after SOH/STX 
is received. After the pad character is stored, 
further CS requests by the same line adapter 
are prevented. The remaining byte count can be 
used to calculate the location the turnaround 
character in storage. 

2. A ring indicator signal from the data set if the 
CA is enabled and not initialized. If the CA is 
in the initialized state, the ring indicator signal 
cannot turn on the 'end character or ringing' FL. 

For the program to know which condition (turnaround 
or ring indicator) turned on the flip -latch, the pro- 
gram must keep track of whether or not the CA is 
initialized. 
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Note: The CA (line adapter) must be initialized 
or disabled before a ringing interrupt can be 
reset by the ^sense device^ command. (This 
inhibits the ring indicator from causing another 
interrupt. ) 



COMMAND REJECT-BIT 9: This bit is set to 1 and 
causes an interrupt when the CA is given an initial- 
ize CA* command with the clear CA bit (bit 12) off 
while the line selected is either in transmit mode or 
in receive mode and character phase. 



TABLE COMPLETE-BIT 4: Indicates that the byte 
count reaching has turned on the * table complete* 
FL and caused an interrupt request. This action 
can be suppressed by a 1 in bit position 1 of the byte 
count word at the start of the table. 

In a receive operation, *end character or ring- 
ing* and *table complete' can be turned on at the same 
time, if the data table ends with the pad character as 
the last byte. Therefore, determining the location 
of the end character may be difficult when chaining 
receive data tables. 

DATA PARITY CHECK-BIT 5: This indicator is 
turned on when a parity error is detected during 
core storage data transfers or when a VRC error is 
detected in ASCII mode. 

In ASCII mode, a transmit or receive VRC 
error sets this bit on. The detection of the VRC 
error blocks the loading of the accumulated BCC to 
the line during a transmit. Transmission continues, 
but the BCC sent contains all l*s which the receiving 
station detects as an error. 

DATA BCC CHECK-BIT 6: This indicator is turned 
on if a BCC error is detected when the accumulated 
BCC*s are compared with the incoming (received) 
BCC*s. For EBCDIC, the BCC*s are 2 CRC char- 
acters (16 bits). For ASCII, the BCC is an LRC 
character (8 bits). 

DATA OVERRUN-BIT 7: This bit is turned on if a 
cycle steal request for a character transfer is not 
acknowledged before an overrun condition occurs. 
An overrun occurs if the bit counter steps to 1 be- 
fore the CS cycle required for data transfer occurs. 

This error blocks the loading of the accumulated 
BCC to the line during transmit. Transmission con- 
tinues, but the BCC sent contains all Vs which the 
receiving station detects as an error. 



CARRIER ON-BIT 10: Indicates that the *data car- 
rier detector* line from the data set is activating 
the 'carrier on* line. For 4-wire networks, the bit 
is always on. For 2-wire switched networks, the 
bit is on only when a carrier is being received from 
a transmitting station. 

Byte Count DSW 



I 2 3 4 5 6 7 8 9 10 II le 13 14 15 



L. 



If not jumpered, these bits read as Ts. 



> Byte Count 



Transmit Latch 

CE Jumperable Bits 

[i1744A] 



When bits 13 and 14 of the * sense device* command 
select the byte count DSW, it is set into the P-C 
accumulator as shown. The significance of l*s is 
in the byte count DSW is described in the following 
paragraphs. 

CE-JUMPERABLE BITS-BITS 0-2: These bits are 
available to the CE for diagnostic purposes. If they 
are unjumpered, they are read as l*s. 

TRANSMIT LATCH-BIT 4: Indicates that the CA is 
in transmit mode when the DSW is sensed. 



DATA SET READY-BIT 8: Indicates that the *data 
set reacty* line from the data set is activating the 
* interlock* line in the CA. 



BYTE COUNT-BITS 4-15: Indicate the remaining 
byte count in l*s complement form at the time of 
the * sense device* command. 
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Diagnostic DSW 



I 2 3 4 S 6 7 8 9 10 II 12 13 14 15 



^ SERDES Bits (0-7) 



Transmit Line Bit Trigger 
End Trigger 
Text Trigger 
Transparent Trigger 
Not Clear to Send 
Character Trigger 1 
Character Phase 
CE Jumperable Bit 



* If not jumpered, read as a 1-bit. 



When bits 13 and 14 of the ^ sense device' command 
select the diagnostic DSW, it is set into the P-C 
accumulator as shown. This DSW has the same 
configuration as the DSW that is transferred auto- 
matically to the P-C for each character in a diag- 
nostic mode operation. The significance of I's 
in the diagnostic DSW is described in the following 
paragraphs. 

CE JUMPERABLE BIT-BIT 0: This bit is available 
to the CE for diagnostic purposes. If not jumpered, 
it is read as a 1. 

CHARACTER PHASE -BIT 1: Indicates that the CA 
is operating in character phase, when the 'sense 
device' command is given. In a transmit operation, 
character phase is not established until after send- 
ing the pre-SYN pad and SYN characters. In a 
receive operation, character phase starts after 
recognition of the first two consecutive SYN char- 
acters. 

CHARACTER TRIGGER 1-BIT 2: Indicates the state 
of the units position flip-flop in the character coun- 
ter (a two-position counter). This counter is held 
reset except when receiving or transmitting the 
following: 



NOT CLEAR TO SEND-BIT 3: Indicates that the 
'clear to send' line from the data set is not active. 
This position is a 1 at all times except when the data 
set is transmitting. 

TRANSPARENT TRIGGER-BIT 4: Indicates that the 
CA is operating in transparent mode. 

TEXT TRIGGER-BIT 5: Indicates that the CA is 
processing text data (data following an SOH or STX). 
After the first j SOH or STX of a message has turned 
on the 'text trigger' FF, it remains on until the next 
turnaround or 'clear CA' command. 

END TRIGGER-BIT 6: Indicates that an end charac- 
ter has been sensed in the data. The end character 
can be: 

1. ETB, ETX, ITB, or ENQ in text data. 

2. NAK, EOT, or DLE STICK in non-text data 
(not preceded by an SOH or STX). 

In transparent mode, only the first four characters 
are sensed, and they must be preceded by a DLE 
character and in the proper data table location. 

A character coimt of 3 during a data CSA cycle 
turns off the 'end trigger', or 'clear CA' command 
can also turn it off. 

TRANSMIT LINE BIT TRIGGER-BIT 7: Indicates 
the status of the 'line bit' FF in serdes. 

SERIALIZER/DESERIALIZER (Serdes)-BITS 8-15: 
Indicate the contents of serdes at the time the 'sense 
device' command is given. 

DATA FLOW THROUGH THE COMMUNICATIONS 
ADAPTER 

• Transmit data transfer requires two CS cycles 
to load serdes twice from each P-C core storage 
word. 

• Characters shift through serdes toward the bit 
8 position which controls the level of the line 
to the data set. 

• Receive data enters serdes bit position and 
shifts right until serdes 0-7 is filled with one 
character. 



1. The initial Pre-SYN PAD and SYN characters. 

2. SYN characters in the data stream. 

3. Characters following an end character. 



Characters to be stored in core storage 0-7 
positions (left bjrte) are first stored in the CA 
buffer during a dummy CS cycle. 
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• Character to be stored in core storage 8-15 
positions (right byte) is transferred directly 
from serdes via the common bus. Both the 
left and right bytes are transferred to P-C 
core storage during the same CS cycle. 

• Unit data flow diagram is on Maintenance 
Diagram MAlOlll. 

In transmit operations (and not diagnostic mode), 
during the data transfer CS cycle (also called "cycle - 
steal acknowledge cycle" or CSA cycle), a word from 
the P-C core storage is available on the ^bus out^ 
lines. The word contains two characters. 

If the byte count is even at the start of the CSA 
cycle, the left byte is gated to the 'common bit' lines. 
Common bits 0-7 are us^d to load serdes 0-7 posi- 
tions, and common bit parity controls the 'transmit 
parity check' FF. CAR is not incremented when the 
byte count is even. 

If the byte count is odd at the start of the cycle, 
the right bs^te is loaded into serdes in the same man- 
ner. In this case, though, CAR is incremented. 

To start transmission of the character just 
loaded, all bits in serdes are shifted one position to 
the right. Bit 7 shifts to the line bit position which 
controls the level of the 'transmit data' line to the 
data set. At each succeeding shift time the next 
data bit is sent via the data set and communications 
lines. 

In receive operations, the 'receive data' line 
from the data set is sampled each bit time and set 
into serdes bit position. At the same time, bits 
already in serdes shift one position to the right 
(toward the bit 7 end). After eight shifts, serdes 0-7 
positions contain a complete character, ready for 
storing. 

If the byte count is even at the start of the CSA 
that is taken to store the character, the character is 
gated to set the buffer register. (This character is 
to form the left byte of the core storage word. ) 
During the receiving of any character, the 'receive 
parity' FF generates odd parity for that character. 
When the character is set in the buffer register, the 
state of the 'receive parity' FF controls the setting 
of the buffer register 'parity bit' FF. CAR is not 
incremented during the CSA cycle when the byte 
count is even. 

If the byte count is odd at the start of the CSA 
cycle that is taken to store the character, serdes is 
gated to the common bus. The 'receive parity' FF 
is gated to the 'common bit parity' line. Then the 
common bits control the bus in 8-15 and parity lines, 
while the buffer register output lines control the bus 
in 0-7 and parity, during the CSA cycle. Thus, both 



the left and right bytes are transferred to core 
storage in the same cycle. 



OPERATION SEQUENCES 

• Sequence of operations is dependent upon the 
program in the P-C, the control characters 
and sequences in the data stream, and the 
transmission code being used by the CA. 

• Typical message sequences are shown in 
Maintenance Diagrams MA10121 and MA30101. 

The combination of program controls, message con- 
tent, and to some extent the transmission code itself 
determines the sequence of operations that occur in 
the CA. 

The program must provide the following func- 
tions: 

1. Proper sequencing of commands. 

2. Translation to and from data codes. 

3. Interpreting sense and status information. 

4. Initiation and termination of operations. 

5. Establishment of proper message formats 
(data tables, for example). 

6. Data table chaining. 

7. Differentiation between control characters when 
these characters result in the same CA circuit 
operation (ETB and ETX, for example). 

A description of the functions of the lOCC's applic- 
able to the CA has been given in preceding para- 
graphs. Note that CA operations are started by an 
XIO instruction which obtains an lOCC with the 
function code, 'initialize CA'. Further operation 
depends on control characters and sequences in the 
data stream and/ or further commands. 

In a transmit operation, transfers from the data 
table start after the CA sends the pre-SYN pads and 
at least two consecutive SYN characters. Data 
transfers occur during CS cycles. The transmit 
operation may be intended to send text data or to 
send an acknowledgement that the CA has received a 
message. Recognition by the CA of an SOH or an STX 
establishes the fact that the following data is text data. 
For all text <Jata, the CA generates a block check 
character (BCC) to be transmitted following the end 
character. After sensing the end character, the CA 
operation depends on what end character is sensed, 
whether or not data chaining has been programmed, 
and what other commands are given. Additional de- 
tails of the transmit operation are in the maintenance 
diagram manual (MA30123 through MA30153). 
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In a receive operation, transfers to the data 
table start when the CA has received the first data 
character following the synchronization sequence. 
Data transfers occur during CS cycles. The receive 
data may be either text data or an acknowledgement 
that the remote terminal has received a previous 
transmission. Recognition by the CA of an SOH or 
an STX establishes the fact that the following data is 
text data. For all text data, the CA generates a 
block check character (BCC). At the end of the block 
of text data, the BCC generated during the receiving 
of this block of data is compared with the BCC that 
is received. After checking the BCC, the following 
pad character is stored. Then further operation 
depends on the program. Additional details of the 
receive operation are in the maintenance diagram 
manual (MA30165 through MA30189). 

As mentioned previously, acknowledgements 
are transmitted and received in non-text modes. 
That is, they do not start with an SOH or STX. The 
end characters for acknowledgements, which can 
only be recognized in non-text mode, are the NAK, 
EOT, and DLE STICK characters. 

The transmission code used affects the opera- 
tion of the CA only in the generation and loading of 
BCC's. In EBCDIC operation, a 16-bit cyclic re- 
dundancy check (CRC-16) code is accumulated. This 
check code is transmitted and received as two 8 -bit 
block check characters. In ASCII operation, an 8- 
bit longitudinal redundancy check (LRC) code is 
accumulated. This check code is transmitted and 
received as a single BCC. Examples of BCC accum- 
ulation are in the maintenance diagram manual 
(MA20121 and MA20131). 

Transparent Mode Control 

Transparent mode makes the full 25B character 
codes in EBCDIC available for transmission. A 
special character, DLE, must precede any control 
characters in the message; otherwise, all characters 
are accepted as text. There is no provision for 
transparent mode in ASCII. These controls are used 
when binary information or external codes are to be 
sent or received. The CA enters transparent mode 
following a DLE STX sequence. See MA30201. 

In transparent mode, the transmitting adapter 
inserts a second DLE after each data DLE from 
core, and the receiving adapter deletes the first 
DLE from the data sent to core. DLE SYN se- 
quences are used to maintain synchronization in 
transparent mode in place of the SYN SYN charac- 
ters used in normal mode. Frequency of insertion 
is dependent on line speed. 



Exit from transparent mode during transmission 
is done by inserting a DLE END character sequence 
in the third and second character positions from the 
end of each data table. (END is defined as any of 
the characters ETB/ITB/ETX/ENQ. ) Only when 
the DLE is in this position of the data table can it 
be transmitted without having a second DLE inserted. 

Receiving a single DLE followed by an ETB, ITB, 
ETX or ENQ control character causes the line 
adapter to leave transparent mode. 

Timeout Controls 

Timeouts are used to ensure efficient utilization of 
the communications line and to prevent tie-ups due 
to false sequences or missed turn-around char- 
acters. 

Some timeout conditions cause an interrupt, but 
the program has the option to suppress the timeout 
interrupt. 

Transmit Timeout (No Interrupt) 

This timeout is used to automatically insert the 
sjmchronous idle sequence in the output data stream. 

1. Normal mode and transparent mode with data 
set clocking — a SYN SYN or DLE SYN sequence 
is inserted every 1. 00 (±0. 15) sec. 

2. Transparent mode with business machine clock- 
ing — a DLE SYN sequence is inserted at 
intervals depending on the line speed: 

600 baud-900 (±100) milliseconds (WTC only) 
1200 baud-475 (±50) milliseconds 
2000 or 

2400 baud-255 (±25) milliseconds 
4800 baud-106 (±12) milliseconds (domestic only) 



The timeout period used in transparent mode is pre- 
set by jumper. Insertion of the synchronous idle 
sequence is delayed when insertion would occur 
between: 

A DLE and its following control character. 
An END character and the following BCC^s. 
Two block check characters. 

In the case of all non-ITB ending sequences, inser- 
tion is abandoned. 

The timeout is restarted when the synchronous 
idle sequence (SYN SYN or DLE SYN) is detected 
in the message stream. 
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Timeout (Interrupt) 

This timeout has the following purposes: 

1. Limits the waiting time allowed for a transmit- 
ting station to receive a reply (3 seconds). 

2. Monitors incoming or outgoing data for SYN 
patterns. A timeout interrupt will occur in 

3 seconds if any of the following occurs in the 
data stream: 

a. A double SYN (SYN SYN) sequence is not 
decoded in normal mode. 

b. Continuous SYN characters are decoded in 
normal mode. 

c. A DLE SYN sequence is not decoded in 
transparent mode. 

d. Continuous DLE SYN sequences are 
decoded in transparent mode. 



A continue timer (nominal 2 seconds) is imple- 
mented by using a modifier bit in an 'initialize^ 
or 'sense' command. 

The timeout interrupt can be suppressed if a 1 
is inserted in bit 3 of the byte count word. 

Actual time periods are as follows : 



Time Period 


Secondary Station 


Primary Station 


3 second timer 

2 second continue timer 


3.0 seconds 
2.0 seconds 


2.7 seconds 
1.9 seconds 


all times ±100 milliseconds 



|1173SA I 



A timeout interrupt occurs in 3 seconds if the data 
set fails to activate 'clear to send' in that time in 
response to a 'request to send. ' 
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Selector Channel 



SELECTOR CHANNEL PROGRAMMING 



The selector channel provides for the attachment of 
System/360 I/O devices and operates in a manner 
similar to that in which a System/360 selector chan- 
nel operates. Standard 1800 MPX programming sys- 
tems provide for the attachment of an IBM 2841 
Storage Control with as many as eight IBM 2311 Disk 
Storage Drives. Other System/360 devices are 
available on an RPQ basis. The selector channel is 
housed in an IBM 1826 Data Adapter Unit, Model 2 
or Model 3 . 

A description of selector channel theory of 
operation is contained in FEMDM Volume One begin- 
ning on page FSIOIOO. 

MODE OF OPERATION 

The selector channel operates in burst mode only and 
uses the cycle-stealing facilities of a data channel. 
The maximum data rate that can be handled by the 
combination of selector channel, 2841, and 2311 is 
15, 625 bytes per second. This assumes that the 
attached control unit does not have a buffer and the 
selector channel is assigned to the highest priority 
data channel. The actual data rate of any one con- 
figuration depends on the control unit, I/O device, 
and mode of operation. 

PROGRAMMING COMPATIBILITY 

The selector channel is controlled by the 1800 exe- 
cute l/O (XIO) instruction. The control concepts of 
the selector channel are the same as for the System/ 
360 channel; that is a channel command word (CCW), 
channel status word (CSW), start I/O, and halt I/O 
are used. However, the formats of these differ 
from those used with System/360 programming. 
Therefore, 1800 programming and System/360 pro- 
gramming for the same devices are not compatible. 
This section of this manual describes program- 
ming and operating characteristics of the selector 
channel. The disk storage concepts, programming, 
and actual CCW command codes used for 2841/2311 
operations are described in the SRL publication 
IBM System/360 Components Description — DASD for 
2841, Order no. GA26-5988. Although the CCW^s 
described in the 2841 SRL are in System/360 format, 
the functions of the various fields described are the 
same for the corresponding fields in the 1800 CCW 
format. For example, the flag and command code 
fields in both CCW formats provide the same func- 
tions. 



The selector channel utilizes a data channel to com- 
municate with the processor-controller (P-C). Data 
and commands are both transferred between the 
selector channel and P-C via data channel operations. 
The execute l/O (XIO) instruction is used to effect 
control of selector channel operations. An input/ 
output control command (lOCC) referenced by an 
XIO must have an area code of 10010 to address the 
selector channel. The following lOCC^s are used to 
effect control of selector channel operations. 

Halt I/O 
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Control Unit Device 
Address Address 
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This command causes termination of the current 
I/O operation at the selector channel. If the 
channel is not busy, the device specified by the mod- 
ifier bits is selected and signaled to terminate the 
current operation without further data transfer. If 
the channel is busy, the operation is terminated 
and the device currently using the channel is im- 
mediately disconnected. In this case, the modifier 
bits are ignored. A unit status pending interript 
caused by channel end/device end occurs after the 
channel and /or device is cleared. 

If a program check occurs, a Halt l/O should 
be given to reset the selector channel. 

Sense Device 
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Polling 
Channel Status Word 
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This command causes one of the four words com- 
prising the selector channel status word (CSW) to be 
read into the accumulator. Modifier bits 13 and 14 
specify the word to be read and modifier bit 15 con- 
trols reset of the program resettable indicators in 
the CSW. If modifier bit 15 is on, the reset function 
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is performed. If modifier bit 15 is off, the reset 
function is not performed. The individual words of 
the CSW, interrupt indicators, and program reset- 
table indicators are described under Channel Status 
Word (FS10120) Modifier bit 12 of an XIO sense de- 
vice controls the channel polling function. If modi- 
fier bit 12 is on, polling is suppressed. If modifier 
bit 12 is off, polling is allowed. 

Polling is the ability of the selector channel to 
acknowledge a request for service from a control 
unit. Polling is suppressed by: (1) an XIO sense 
device with modifier bit 12 on, (2) initiation of a 
start I/O operation, or (3) the selector channel 
accepting a request for service from a control 
unit. Polling remains suppressed until: (1) 
an XIO sense device with, modifier bit 12 off 
is given, (2) a halt I/O is given, or (3) RESET 
on the P-C console is pressed. 

A request for service from a control unit is 
usually the result of device end or attenuation turn- 
ing on in the unit status portion of the CSW. If poll- 
ing is not suppressed and a control unit requests 
service, the unit address-status portion of the CSW 
is transferred from the control unit to the selector 
channel and a unit status pending interrupt is given 
to the P-C. The selector channel suppresses fur- 
ther polling until the program reads the status word 
and reinitiates polling. 

Polling should be reinitiated following comple- 
tion of a start I/O operation by issuing an XIO sense 
device with modifier bit 12 set to zero. 

Start I/O 
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Control Unit Device 
Address Address 
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This command initiates all selector channel l/O 
operations. The address field contains the core 
storage address of a channel command word 
(CCW). The CCW specifies the operation to be 
performed by the channel , control unit , and device 
as well as the core storage area associated with 
the operation. lOCC modifier bits 8 through 11 
select the control unit and modifier bits 12 through 
15 select the device to which the operation pertains. 
Once the lOCC area code, function, and modi- 
fiers have been sent to the selector channel and the 
CCW address has been loaded into the data channel 
address register (CAR), the P-C is released. The 



selector channel continues the operation via data 
channel (cycle steal) operation by fetching the 
addressed CCW from core storage. 

If a start l/O is given while the selector channel 
is busy, it is ignored and no indication is given to 
the program. 

CHANNEL COMMAND WORD 

The channel command word (CCW) contains the infor- 
mation that directs selector channel l/O operations. 
The CCW consists of three 16-bit words and may be 
located in any three contiguous core storage loca- 
tions. The information in a CCW is separated into 
various fields as follows: 

Bjrte Count 
Flag 

Command Code 
Data Address 

Byte Count 

The byte count is located in word 1 of the CCW (Fig- 
ure 4-3) and specifies the length (in 8-bit bytes) of 
the input or output field. The maximum length which 
can be specified is 65, 535 bsrtes. Two 8-bit bytes 
are contained in each core storage word. Therefore, 
data transfer between the selector channel and core 
storage is performed two bytes at a time (one core 
storage word). If an odd byte count is specified for a 
write operation, the byte in bit positions 8 through 15 
of the last core storage word is not used even though 
it is transferred to the channel. If an odd bjrte count 
is specified for a read or sense operation, the byte 
in bit positions 8 through 15 of the last core storage 
word is not used for data, but is reset to zero. 

All CCW^s, except those specifying transfer-in- 
channel, but including those specifying immediate 
commands, must have a non-zero byte count. Al- 
though data is not transferred during an immediate 
command and the CCW specifies a non-zero byte 
count, incorrect length is not indicated in the CSW. 

Flags 

The flag field consists of bit positions through 4 in 
word 2 of the CCW (Figure 4-3). The bits in the flag 
field further define the operation as follows: 

Chain Data (CD): When on, this flag specifies chain- 
ing of data. Data chaining causes the selector chan- 
nel to automatically fetch the next sequential CCW 
when the byte count of the present CCW is decremented 
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Figure 4-3, Channel Command Word and Data Word 



M = modifier, X = bit ignored 

For command details, refer to specific 

I/O device publications. 



12 



13 



14 



15 



"~i \ \ r 

Even Numbered Bytes (2,4,etc.) 



J_ 



_L 



12466. 1 



to zero. The new CCW is fetched from the three 
contiguous core storage locations beginning with the 
next higher location following the last CCW. The 
command code in the new CCW is ignored unless it 
specifies transfer-in-channel. However, the byte 
count, flags, and data address are used to continue 
the operation specified by the first CCW. Data 
chaining continues until a CCW with the CD flag off 
is encountered and the byte count of that CCW reaches 
zero, or until the device terminates the operation by 
presenting ending status. 

Note that data chaining (CD flag is on) sup- 
presses command chaining. 

Chain Command (CC): When on, this flag specifies 
chaining of commands. Command chaining causes 
the selector channel to automatically fetch the next 
sequential CCW when device end is given signalling 



completion of the current CCW operation. The new 
CCW is fetched from three contiguous core storage 
locations beginning with the next higher location fol- 
lowing the last CCW. All fields in the new CCW are 
used to initiate a new I/O operation. Command 
chaining continues until a CCW with the CC flag off 
is encountered and the operation specified by that 
CCW is completed. 

It should be noted that data chaining takes prece- 
dence over command chaining; that is, if the CD and 
CC flags are both on, data chaining is performed and 
command chaining is suppressed. 

Suppress Length Indication (SLI): This fla^ is used 
to determine if occurrence of an incorrect length 
condition is to be indicated to the program. An in- 
correct length condition occurs if the number of 
bytes designated by the byte count in a CCW is not 
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equal to the number of bytes requested or offered by 
an I/O device. 

Indication of an incorrect length condition is 
suppressed if the SLI flag is on and the CD flag is 
off in the CCW. If the SLI flag and CC flag are 
both on in a CCW, the incorrect length indication is 
suppressed and command chaining takes place re- 
gardless of an incorrect length condition. Incorrect 
length indication is also suppressed if a CCW speci- 
fies an immediate command, even though the byte 
count must be non-zero. 

When an incorrect length condition occurs, an 
indication is always given to the program if the SLI 
flag is off, or the CD flag is on in the CCW. In the 
latter case, indication of an incorrect length condi- 
tion is given even if the SLI flag is on. 

Program Control Interruption (PCI) : When on, this 
flag causes the selector channel to generate an inter- 
rupt upon fetching the CCW. The capability allows 
the program to detect when specific chained com- 
mands are about to be performed. 

Skip: When on, this flag suppresses data transfer to 
core storage during a read or sense operation. When 
the skip flag is off, normal data transfer occurs. 

Command Code 

The command code field consists of bit positions 8 
through 15 in word 2 of the CCW (Figure 4-3). The 
two low order bits (14 and 15), or if these two bits 
are off, the four low order bits (12 through 15) of 
the command code identify the operation to the 
selector channel. The selector channel has four 
basic operations: 



Data Address 

The data address is located in word 3 of the CCW 
(Figure 4-3). For commands that transfer data (read, 
sense, write, etc. ), the data address specifies the 
core storage address of the first two data bytes (two 
bytes per core storage word) in the input/ output data 
field. For a transfer-in-channel command, the data 
address specifies the core storage address of the 
new (transferred to) CCW. 

SELECTOR CHANNEL COMMANDS 

Figure 4-3 shows the configurations for the basic 
selector channel commands. 

Test I/O 

This command causes the device addressed to send 
its current status to the selector channel. After the 
channel has received the unit status, a unit status 
pending interrupt is given to the P-C. 

A test l/O terminates command chaining even if 
the CC flag is on, and therefore, should not be in- 
cluded within a chain of CCW^s that specify command 
chaining. 

A test I/O need not be given prior to initiating a 
start l/O with a specific device. The selector chan- 
nel automatically checks the unit status when initiat- 
ing a start I/O operation. If the status is not accept- 
able, it is presented to the program via an interrupt. 

Note that a test I/O does not place the unit status 
into the accumulator, but makes it available in the 
selector channel. An XIO sense device which speci- 
fies word 2 of the channel status word must be given 
to read the unit address-status into the accumulator. 



Output (write or control) 
Input (read or sense) 
Branch (transfer-in-channel) 
Test I/O 



All eight bits of the command code are trans- 
ferred to the control unit. The high-order bits are 
modifiers which indicate to the device how the com- 
mand is to be executed. The exact configuration of 
the modifier bits depends on the I/O device. Com- 
mand codes and descriptions for the 2841/2311 are 
given in IBM System/360 Components Description — 
DASD for 2841, Order No. GA26-5988. The basic 
commands for the selector channel are described 
under ^'Selector Channel Commands''. 



Read 

This command causes data to be transferred to core 
storage from the device specified by the modifier 
bits in the lOCC of the start I/O. Data is read (two) 
bytes per word) into ascending core storage locations 
beginning with the address specified in the CCW data 
address field. The number of bytes transferred dur- 
ing the operation is specified by the byte count in 
the CCW. 

The read operation continues until the specified 
number of bytes have been transferred, or until the 
I/O device terminates the operation. If the byte coimt 
is odd, the last byte transferred is placed in bit posi- 
tions through 7 of the last core storage word. Bit 
positions 8 through 15 in this word are all reset to 
zero. 
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Write 

This command causes data to be transferred from 
core storage to the device specified by the modifier 
bits in the lOCC of the start l/O. Data is trans- 
ferred (two bytes per word) from ascending core 
storage locations beginning with the address specified 
in the CCW data address field. The number of bytes 
transferred during the operation is specified by the 
CCW byte count field. 

The write operation continues until the speci- 
fied number of bytes have been transferred, or until 
the I/O device terminates the operation. If the byte 
count is odd, the last byte transferred is obtained 
from bit positions through 7 of the last core stor- 
age word. Bit positions 8 through 15 in this word 
are ignored. 

If an incorrect length condition occurs during a 
write operation, the incorrect length indication is 
given to the program with the ending status unless 
the suppress length indication (SLI) flag is on in the 
CCW. 

Control 

This command causes the device specified by the 
modifier bits in the lOCC of the start I/O to initiate 
a control operation. The operation proceeds similar 
to a write, except that the command code modifier 
bits received by the control unit are decoded to deter- 
mine the specific control fimction to be performed. 

In cases where the particular control function 
can be performed without any data transfer (immed- 
iate command), the control unit signals channel end 
as soon as it receives the command. The device 
signals device end after it has completed the control 
function. 

A control command in which all six of the modi- 
fier bits in the command code are off performs as a 
NO-OP (no operation). A NO-OP causes the control 
unit to respond with channel end and the device to 
respond with device end without causing any action. 
This ending status causes a unit status pending 



interrupt to be generated. The unit address -status 
portion (word 2) of the channel status word (CSW) is 
available in the selector channel and may be read by 
an XIO sense device. 



Sense 

This command performs in the same manner as a 
read, except that the data is obtained from status 
indicators rather than from a record source. 

The status information is transferred to ascend- 
ing core storage locations beginning with the address 
specified by the CCW data address field. Two bytes 
of status information are placed in each core storage 
word. The number of sense bytes transferred is 
specified by the CCW byte count and should be lim- 
ited to the number of sense bytes available in the 
I/O device. 

Data transferred during a sense operation pro- 
vides information concerning unusual conditions 
detected during the last operation and the current 
status of the I/O device. The device status provides 
a more detailed definition of the conditions which may 
cause a unit check indication in the unit status por- 
tion of the CSW. 



Transf er-l n-Channel (TIC) 

This command causes the selector channel to auto- 
matically fetch the next CCW from three contiguous 
core storage locations beginning with the address 
specified by the data address field in the TIC CCW. 
TIC does not initiate any I/O operations and the con- 
trol unit is not aware of the command. The byte 
count portion of the CCW is not used. 

TIC provides a means of chaining between CCW^s 
not located in adjacent three word areas of core 
storage. TIC performs as an unconditional branch 
regardless of the status of the chain data (CD) flag 
in the CCW. 
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Chapter 5. Power Supplies and Control 



• Input voltage is three-phase, 208/230 volts at 
60 Hz or 195/220/235/380/408 volts at 50 Hz. 

m AC primary power is sequenced to 1800 system 
units from the process or -controller. 

9 DC power supplies provide system service 
voltages and special voltages for core storage 
and process I/O features. 

® Interlocks are provided for critical voltages. 

The 1800 system operates from one three-phase line 
cord. Primary power enters the 1801 or 1802 
through a line filter and a 50 -amp mainline power 
circuit breaker (CBl) and is sequenced to all system 
units except the 1053 Printer and the 1816 Printer - 
Keyboard. The 1053 and 1816 have their own power 
cords. 



1801 AND 1802 PROCESSOR-CONTROLLERS 

Power-On Sequence 

• The power -on sequence for 60 Hz systems is 

shown on YA 90110; for 50 Hz systems on YA 90120. 

e DC power distribution to SLT gates is shown on 
System Diagram YA 159. 

Three-phase primary power is supplied through CBl 
to contactor Kl which is controlled by the Emer- 
gency Power Off (EPO) switch, and to transformer 
Tl which provides the 24V ac sequencing voltage. 
The 24V ac sequencing voltage is supplied to the 1828 
(for the 1856 units) through isolation transformer T6. 

From Kl, primary power is distributed to con- 
tactors K2, K3, K4, and to transformer T3. Trans- 
former T3 supplies 115V ac to convenience outlets in 
the 1801 or 1802, 1803, 1826, 1828, 1442, 1810 and 
2401 or 2402. 

Pressing the ON button turns on the Power On 
lamp and starts the power -on sequence: 

1. Supply primary power via K3 to CB2 (1826) and 
CB3 (1828). 

2. Supply primary power via K2 to 

(a) gate blowers and power supply fans in the 
processor -controller ; 



(b) 1442, 1443, 1810, and CB4 (2401 or 2402); 

(c) transformer T2: 115V ac power to 1054 and 
1055 (via switches on P-C power tailgate), 
1627, and gate fans in the 1442; 

(d) transformer T4; 7. 5V ac lamp voltage to 
P-C console and 1442; 

(e) transformer T7; power -failure -protect 
circuit; 

(f) power supplies, 1, 2, 3, 6, 7, 8, 9, 10, 11, 
12, 13, and 15 in the processor-controller 
(P-C power supplies are shown on System 
Diagram YA159). 

3. When voltages are available at power supplies 1, 
2, 3, 7, 9, 10, 12, 13 and 15, supply primary 
power via K4 to power supplies 5, 14, 16, 17, 
and 18 in the process or -controller. 

The power -on reset line is held at OV (active 
level) during the power -on sequence. The power -on 
reset ends approximately 1.7 seconds after pressing 
the ON button, at which time the Ready lamp turns 
on to indicate that dc voltages are present. 

Resistors are employed in the output circuits of 
ADC power supplies 8(+30V), 11(-30V), and 14(+12V) 
to limit the initial surge current. When the ready 
condition is reached, the current limiting resistors 
are shunted by relay RY19 points. 

Power-Off Sequence 

9 Power-off sequence for 60 Hz systems is shown 
on YA 90101; for 50 Hz systems on YA 90130. 

The OFF push button is used to power -down the 1800 
system. Pressing the OFF button drops all power ia 
the system with the exception of the 115V ac con- 
venience outlets and the 24V ac sequencing voltage. 

The use of the OFF push button ensures that 
power supplies will be cycled down in the following 
order: 

10 Power supply 18 

(+48 V magnet voltage). 

2. Power supply 14 (+12V ADC), and power 
supplies 5, 16, and 17 (core storage). 

3. All other power supplies. 

Power supplies in items 1 and 2 are controlled byK4, 
which is the last contactor to pick and the first to 
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drop. The +48V is removed before other voltages by 
opening the output of power supply 18 with relay 
points. Power supplies in item 3 are controlled by 
K2 and loss of any of these voltages (except supply 6, 
8, or 11) will immediately drop K4. 

Loss of dc voltage from any P-C power supply, 
except supplies 6, 8, 11, 14, and 18, will drop sys- 
tem power in the same manner as operating the OFF 
switch. Loss of voltage from supply 6, 8, 11, 14, 
or 18 will not drop system power and will be indica- 
ted only by program detection of failure or by visual 
observation. 

Power supplies 8 and 11 (+30V and -30V) are 
interlocked so that loss of either supply will drop 
the output of both these supplies and will also drop 
supply 14 (+12V). 

If loss of voltage is caused by tripping the over- 
current circuit breaker in any MPS (medium power 
standard) power supply, the condition will be iadi- 
cated by turning on the dc CKT BKR TRIP lamp on 
the I/O monitor interface panel. 

Power Failure Protect Circuit 

• Ensures proper cycling down of the power sup- 
plies after loss of primary power. 

Figure 5-1 shows a simplified block diagram of the 
power failure protect circuit. Power supply #4, the 
power failure protect supply, constantly senses the 
line voltage through transformer T7 (24V ac). Upon 
detecting a power loss or reduction of 25 to 50 per- 
cent, power supply #4 produces a +3V dc signal for a 
minimum of 100 ms. This signal fires an SCR 
(Silicon Controlled Rectifier) that picks relay RY 23 



initiating a power down sequence. This signal also 
sets the Alarm Stop flip-flop in the P-C, holding the 
system reset at X7/T7 so that the machine will be in 
a static condition when power is sequenced down. ^ 

The processor-controller remains in a power-on 
state for power drops to the system up to one cycle 
in duration (15 to 17 ms). The power failure sequenc- 
ing enables the processor to complete the core stor- 
age cycle that is in progress at the time of failure. 



1826 DATA ADAPTER UNIT 

• Power-on sequence is shown on YB 90101, 

Single -phase primary power is supplied to the blower 
motors and power supplies in the 1826 from the 1801 
or 1802. A mainline switch is mounted on the right 
side of the upper front panel of the 1826 to remove 
power, except 115V ac convenience outlets, for off- 
line servicing. Main line power can also be dis- 
connected at the power circuit breaker (CB2) in the 
1801 or 1802. A Power On neon is provided on the 
1826 power sequence assembly to indicate the pres- 
ence of primary power. 

The dc voltages required for SLT gates are 
provided by the MPS power supplies within the 1826, 
These supplies are listed on System Diagram YB 140. 
No voltage sensing of power supplies is provided 
in the basic 1826 unit, and loss of a single voltage 
will not drop other dc voltages. 

Power supplies 5,(+3V), 7 (+12V), 8 (+30V), and 
9(-30V) are installed with the AI Expander feature. 
The +30V and -30V supplies are interlocked so that 
loss of either supply will drop the output of both of 
these supplies and also supply 7 (+12V). 
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Figure 5-1 . Power Failure Protect Circuit 



5-2 (2/70) 



When the 24V ac sequencing voltage picks con- 
tactor K4 in the processor-controller, it is also 
made available at the 1826. The process or -control - 
let power sequencing circuit ensures that +12V from 
supply 7 will be the last voltage supplied to the ADC 
during the power -on sequence and the first to be re- 
moved during the power -off sequence. 

Resistors are employed in the output circuits of 
power supplies 7, 8, and 9 to limit the initial surge 
current. When the dc power supplies in the 1826 
are ready, the current limiting resistors are shunted 
by relay RY3 points. 

If primary power to the system is interrupted, 
the power -failure -protect circuit in the processor- 
controller disconnects the sequencing voltage to the 
1826, thereby removing the+12V ADC voltage before 
the other dc voltages can drop. 

Each power supply in the 1826 has an over- 
current circuit breaker. If any circuit breaker trips, 
the condition will be indicated by turning on the dc 
CKT BKR TBIP lamp on the 1801 or 1802 I/O moni- 
tor interface panel. 



DC voltages of +6V, +12V, +30V, and -30V are 
required for operation of multiplexer components in 
the 1851 units. These voltages are supplied to the 
1851 units directly from MPS power supplies located 
in the 1801, 1802, or 1826 Model 1. 

1803 CORE STORAGE UNIT 

• Power-on sequence is shown on YS90101. 

Single phase power is supplied to the 1803 mainline 
CB from contactor K2 (YAllO) in the P-C. The -15 
and -10 V dc power supplies are energized (Kl, YS220) 
after sensing circuits indicate the presence of the 
other four dc voltages. 

Convenience outlet power is available from the 
P-C regardless of the 1803 mainline CB. 

The power-on neon indicates only that ac power 
is available from the mainline CB. The CB indica- 
tor is on if one of the six power supply circuit 
breakers is tripped. 

1810 DISK STORAGE 



1828 ENCLOSURE 

• Power-on sequence is shown on YD 90101. 

All ac power is supplied to the 1828 from the 1801 
or 1802. Single-phase primary power is available on 
the internal power bus for 1856 units and can be dis- 
connected at the mainline switch on the right side of 
the upper front panel for off-line servicing. Primary 
power can also be disconnected at the power circuit 
breaker (CB3) in the 1801 or 1802. A Power On 
neon is provided on the 1828 power tailgate to indi- 
cate the presence of primary power. 

115V ac and 24V ac are available continuously, 
except for emergency power off, in order to power 
precision voltage supplies which require several 
hours warm-up. The 115V ac power is available at 
the convenience outlet and is also used by the analog 
input calibration facility in the first 1828 that houses 
an 1851 Multiplexer Terminal. The 115V ac can be 
disconnected from the calibration facility with the 
switch on the left side of the upper front panel. The 
24V ac power is supplied through an isolation trans- 
former (T6 in the processor -controller) and is used by 
each Mod 2 Precision Voltage Reference in an 1856 unit. 

Each 1856 unit plugs into the internal power bus 
and receives primary line voltage for operation of 
blower motors and special modular power pacs. 
Each power pac contains its own fuses and power on/ 
off switch for CE use. No voltage sensing of these 
power supplies is provided. 



• Power-on sequence is shown on YC90101. 

Single-phase primary power is supplied to the 1810 
Disk Storage from the 1801 or 1802 via contactor K2. 
A main line switch is provided on the 1810 power se- 
quencing assembly for removing primary power. 
The convenience outlet receives 115V ac from the 
1801 or 1802 continuously except for emergency 
power off. 

The dc voltages required for the SLT gates and 
Single Disk Storage units are provided by power 
supplies in the bottom of the 1810. No voltage 
sensing of power supplies is provided, and loss of 
a single voltage will not drop other dc voltages. 

1053 PRINTER AND 1816 PRINTER-KEYBOARD 

Mainline power for motors ui the 1053 and 1816 is 
controlled by switches on these units. 

Two dc voltages, +12V and +48V, are required 
by the 1053 and 1816. These voltages are supplied 
by power supplies 5 and 18 in the processor - 
controller. 

1054 PAPER TAPE READER AND 1055 PAPER 
TAPE PUNCH 

The paper tape units operate from 115V ac supplied 
from the 1801 or 1802 via contactor K2 and trans- 
former T2. Power can be removed from either 
unit by means of an AC switch mounted beside the 
power connector on the P-C power tailgate. 
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Two dc voltages, +12V and +48V, are required 
by the 1054 and 1055. These voltages are supplied 
by power supplies 5 and 18 in the 1801 or 1802. 

1442 CARD READ PUNCH 

Single-phase primary power for the drive motor is 
supplied to the 1442 from the processor-controller 
via contactor K2. The 1442 main line switch per- 
mits removal of primary power for off-line servicing. 

The convenience outlet receives 115V ac from 
the 1801 or 1802 continuously except for emergency 
power off. 

Fan voltage of 115 V ac is supplied to the 1442 
from the processor-controller via K2 and trans- 
former T2. 

Lamp voltage of 7. 5V ac is supplied to the 1442 
from the P-C via K2 and transformer T4. 

The following dc voltages are supplied to the 
1442 directly from the MPS power supplies in the 
processor-controller: 



DC Voltage 

+6V 
+3V 
-3V 



Supply 

1 
2 

15 



1443 PRINTER 

Single -phase primary power is supplied to the 1443 
from the processor-controller via contactor, K2. 
The 24V ac sequencing voltage, under control of the 
P-C Emergency Power Off switch, is used to pick 
the main line contactor in the 1443. The 24V ac 
start circuit in the 1443 is actuated in parallel with 
contactor K4 in the processor-controller. 

DC voltages required by the 1443 are provided 
by self-contained power supplies. 

1627 PLOTTER 

The plotter receives 115V ac from the processor- 
controller via contactor K2 and transformer T2. A 
power on/ off switch is provided on the plotter. 

2401 OR 2402 MAGNETIC TAPE UNIT 



Three-phase primary power is supplied to the 2401 
or 2402 from the 1802 Processor-Controller via 
contactor K2, and can be disconnected at the power 
circuit breaker (CB4) on the 1802 power sequence 
assembly. Convenience outlets in the 2401 or 
2402 receive 115V ac from the 1802 continuously 
except for emergency power off. 



I/O MONITOR UNIT 

The dc voltages required by the I/O monitor unit 
(+6V, +3V, and -3V) are supplied to the interface 
panel in the 1801, 1802, 1826, and 2310 from MPS 
power siQjplies located in those units. 

MPS POWER SUPPLIES 

• Provide regulated service voltages ranging from 
3V dc to 36V dc. 

With the exception of the 48 V dc supplies and several 
special purpose supplies, the 1800 system uses 
standard MPS power supplies. The MPS power sup- 
plies are a family of supplies which are designed to pro- 
vide all the standard dc voltages requiredby SLT com- 
ponents as well as a number of special voltages. 

MPS power supplies can be operated from 
single-phase voltages of 115/208/230 volts at 60 Hz 
or 195/220/235 volts at 50 Hz. Primary (ac) 
voltage regulation is not normally required with 
these supplies. The series regulator circuit of 
the MPS supply provides regulation within ±2% at 
the power supply terminals. 

The MPS power supply (Figure 5-2) consists of a 
transformer, silicon rectifiers, associated filter net- 
works, an overcurrent circuit breaker, and the series 
regulator circuit. The regulator amplifier is contained 
on an SMS card that plugs into the power supply module. 

The regulator circuit continuously samples the out- 
put voltage and compares it with the reference voltage 
from a zener supply . Any change in output voltage i s 
immediately detected and amplified to produce a change 
in the base voltage of the series transistor. The 
series transistor compensates for the change in out- 
put voltage by adjusting its resistance accordingly. 

Remote sense connections allow the regulator in- 
put to be taken from a remote load, thus compensat- 
ing for line drop. Remote sensing is not used in the 
1800 system; therefore, jumpers are installed to 
allow the output to be sampled within the module. 

An adjustment pot on each MPS supply permits 
adjusting the output voltage a minimum of ±8%. The 
MPS supplies should not be operated without at least 
25% load. 

Marginal Checking 

No routine marginal checking of the system is recom- 
mended. The 6V MPS power supply used in the sys- 
tem for powering SLT circuits does have a jack for 
connection of a portable marginal check box. This 
can be used when all other methods of isolating inter- 
mittent failures have been exhausted; but only with 
the understanding that circuits failing under margin 
are not necessarily the intermittent circuits being 
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sought. The portable marginal check box is not 
shipped with the system. 

Cooling 

MPS power supplies have germanium transistors 
which must maintain junction temperatures below 



95 C. To maintain allowable limits on power sup- 
plies, they are operated at less than 80% load, lo- 
cated in columns less than 26'' in height, and are 
supplies with cooling air. 

A continuously running fan is mounted in the 
bottom of each power supply tub and draws the 
cooling air in through a replaceable filter. 



115/208/230V, 10, 60 Hz 

or 
1 95/220/235 V, 10, 50 Hz 
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Figure 5-2. MPS Power Supply 



1800 P-C FETO (2/70) 5-5 



Chapter 6. Console and Maintenance Features 



SECTION 1. CONSOLE 

This section presents a circuit description of the 
console lights and switches; a functional description 
of the console is in the 1800 System Maintenance 
Manual (see FE bibliography- 1800 System, Order 
No. SY26-0560). Figure 6-1 shows the console. 



off the storage -protect -bit flip-flop. This removes 
all storage protect bits from core storage as core 
storage is cycled. The off condition of the storage - 
protect -bit flip-flop and the I/O-to-B register -gate 
line activates the channel -bus -to -B -register line. 
This line gates the contents of the data-entry switches 
to all positions of core storage. 



Switches and Lights (Top Row) 

Clear Storage 

9 This push4)utton switch provides a means of re- 
setting core storage to a value set in the data- 
entry switches. 

o Provides a means of parity checking core 
storage. 

9 Function varies with the setting of the Mode 
switch and the Write Storage Protect Bits 
switch. 

The Clear Storage push-button switch has four func- 
tions (Figure 6-2).^ None of the four functions can be 
executed, however, until Clear Storage is first held 
pressed and then Start is pressed. This dual action 
requirement prevents the accidental clearing of stor- 
age. Note in Figure 6-2 that each Clear Storage 
function is dependent on the positions of two console 
switches, the rotary Mode switch and the Write 
Storage Protect Bits toggle switch. 

The processor -controller cycles completely 
through all core storage addresses during the execu- 
tion of each Clear Storage function. 

A simplified diagram of the clear storage cir- 
cuits is in Figure 6-3. 

FUNCTION 1: Holdingtheclear-storage key depressed 
and pressing the start key turns on the clear -storage 
flip-flop because the mode switch is not in the dis- 
play position (must be in the run position). The I/O 
to B register gate line is activated. This line turns 
off the parity -sample flip-flop to disable parity check- 
ing for this function. Because the storage -protect 
switch is on, the clear -storage flip-flop output turns 



FUNCTION 2: Because the mode switch is in the run 
position, the on condition of the clear -storage flip- 
flop activates the I/0-to-B-register- gate line. This 
line turns off the parity -sample flip-flop to disable 
parity checking. Because the storage -protect switch 
is off for this function, the clear -storage flip-flop out- 
put does not turn off the storage -protect -bit flip-flop. 
This flip-flop is on when any protected position of core 
storage is read. Therefore, the I/O -to -B -register - 
gate line activates the channel -bus -to -B -register - 
line only for unprotected positions of core storage . 

FUNCTION 3 : Because the mode switch is in the dis- 
play position the I/O-to-B -register -gate line will not 
be activated for this function. Therefore, the 
channel -bus -to -B -register line will not be active. 
The on condition of the clear -storage flip-flop and the 
storage-protect-switch line turn off the parity -sample 
flip-flop to disable parity checking and turn off the 
storage -protect -bit flip-flop to remove all storage 
protect bits from core storage as it is cycled. 

FUNCTION 4: The l/O-to-B-register-gate line is not 
activated. Therefore, core storage data is not 
altered. The storage -protect switch is off, there- 
fore the storage -protect-bit flip-flop is not affected 
and the storage -protect -bits in core storage are not 
altered. The parity -sample flip-flop is not affected 
because the storage -protect switch is off. There- 
fore, as core storage is cycled all positions are 
parity checked. 

Program Load 

• Provides a means of initially entering a pro- 
gram into the system. 

• Stores the instructions beginning at the core stor- 
age location specified by the I register (normally 
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Figure 6-1 . Programmers Console 
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Function 


Mode 
Switch 


WSPB 
Switch 


1 . Store Contents of Data Entry Switches in all 


Run 


Yes 


Core Stora.ge Locations . Storage-Protect 
Bits are Removed and Parity is Corrected as 
Required Because of Bit Removal . If All 
Data Entry Switches Are Off, Only Parity 
Bits are Left in Storage. 


2. Store Contents of Data Entry Switches in 


Run 


No 


Each Core Storage Location that is 
Unprotected . Locations havina Protect 
Bits are Unchanged. 


3. Clear Storage Protect Bits. All Other Data 
Remains Unchanged . Parity is 
Automatically Corrected in Each Word 
in Storage. 


Display 


Yes 


4. Search for Parity Errors. The P-C Cycles 
Through Storage Until Stopped by the 
Stop Key or a Parity Error. The Check 
Stop Switch Must be on for a Parity Error to 
Cause a Stop . 


Display 


No 



Figure 6-2. Clear Storage Functio 

reset to zero) and automatically branches to 
location zero to execute the program. 



INITIAL PROGRAM LOAD CIRCUITS: Maintenance 
Diagram Manual (MDM) page CC50103 is a simpli- 
fied logic diagram of the processor-controller IPL 
circuits. The program-load pushbutton turns on 
the IPL-switch flip-flop, which conditions the turn 
on of the IPL-mode flip-flop. IPL mode and an IPL 
interrupt line from the 1054 or the 1442 turn on the 
IPL-request flip-flop. IPL-request activates the 
l/O-to-B-register-gate line. This line turns off 
the parity-sample flip-flop to disable parity check- 
ing during the IPL operation. IPL-request also 
turns on the start-advance flip-flop which, in turn, 
turns on the run circuit. IPL-request also forces 
the wait-operation line active, causing the T7 pulse 
to turn off the run flip-flop. The IPL-request flip- 
flop is turned off at each T6 time and is turned on 
again for each column interrupt from the IPL device. 
The feed-interlock line from the 1442 or the channel- 
5-interrupt-request line from the 1054 turns on a 
flip-flop that turns off the IPL-mode flip-flop at T5 
time. The off condition of the IPL-mode flip-flop 
and the on condition of the IPL-request flip-flop 
activate a line that resets the I register and blocks 
the wait-op line to allow the clock to run, causing a 
branch to core storage location 0. 

Ready 



The 1054 paper tape reader and the 1442 card 
read punch are both capable of initial program 
load. 

Only one unit in the system can be wired for 
initial program load. 



9 This lamp indicates that the system power is in 
a ready condition. 

The ready lamp is lighted by relay 21, the power - 
ready relay. Relay 21 is energized by relay 15, 17 
seconds after the power-on push button is operated. 



On 



PAPER TAPE SYSTEM: Paper tape channels 1 
through 4 are read in groups and loaded into a buf- 
fer. The contents of the buffer are transferred to 
the P-C as one 16-bit word and loaded into core 
storage beginning at location zero. The paper tape 
characters continue to be read until a pimch is de- 
tected in channel 5. At this time loading stops and 
an automatic branch is executed to location zero. 



• The power -on push button applies power to the 
entire 1800 system. 

Operating the power -on push button picks relay 1 
which initiates the power -on sequence shown on ALD 
page YA 140. 



Off 



CARD READ PUNCH SYSTEM: Rows 12 through 
5 of the load card are read in packed mode (two 
columns per word) and are stored in core storage 
beginning at the location specified by the I register 
(normally reset to zero). 



• The power -off push button removes power from 
the entire 1800 system. 

Operating the power -off push button drops relay 1 
and initiates the power -off sequence shown on ALD 
page YA 140. 
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ClJ Turns off Stor Prot Bit FF for functions 1 and 3* . 
Csj Gates data-entry switches to storage for functions 1 and 2* . 
* Functions refer to Figure 6-2. 



Figure 6-3 . Clear Storage Circuits 
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Power On 

9 The power-on lamp indicates that power is sup- 
plied to all units of the 1800 system. 

This lamp is lighted by relay 3, the processor - 
controller on-off relay. Relay 3 is energized at the 
same time contactor K3 is energized by relay 1. 

Lamp Test 

• This push button switch checks the condition of 
all console lamps. 



Operation of this switch applies +3 volts directly to 
all console lamps. 



Wait 

• This lamp indicates that the program has been 
halted by a wait instruction. 

The wait -op lamp driver is activated by the op -decode 
circuit for the wait operation. Load, display, and 
wait also activate the wait op line and the wait-op 
lamp driver. 
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Run 



9 The run lamp driver is activated directly from 
the on side of the run flip-flop. The run flip-flop 
is on when the processor -controller is operating 
under program control. 

A/arm 

d This lamp indicates that the operations monitor 
time interval has expired. 



The console interrupt flip-flop is turned off by the 
sense -device command with an area code zero, and 
bit 15 = 1. 

Load / 

9 This push button switch loads the contents of the 
B register into the I register » 

• The mode switch must be in the Load position for 
the Load I operation. 



The alarm light remains on until the operations 
monitor switch is turned off. 



• The Load I operation leaves the processor - 
controller in the stopped condition. 



The alarm lamp is operated from the normally 
closed (N/C) points of relay 20, the operations 
monitor relay. Relay 20 drops when the operations 
monitor time interval has expired, or when the plus 
12 volts is lost. 



The mode switch being in the Load position gates the 
bit switches into the B register. The Load I switch 
operating point is connected directly to the Load posi- 
tion of the mode wafer switch. Operation of the Load 
I switch gates the contents of the B register into the 
I register. 



Switches and Lights (Bottom Row) 

Console Interrupt 

m This push button switch provides an operator - 
initiated interrupt to a customer-assigned level. 

The console interrupt is assigned to an interrupt 
level and an ILSW bit position. Console interrupt 
status is given directly by the sense -interrupt com- 
mand; however, it is necessary to execute a sense- 
device command with an area code of zero and a bit 
in position 15 of the lOCC modifier in order to re- 
set the indicator. The console interrupt routine can 
be programmed to interrogate the program toggle 
switches to specify a particular routine. 

The console interrupt switch turns on the con- 
sole interrupt request flip-flop (Figure 6-4). The 
console interrupt request flip-flop turns on the con- 
sole interrupt flip-flop, the output of which activates 
the assigned bit and the ILSW, bit in the console 
interrupt DSW, and activates the console interrupt 
request line to the assigned iuterrupt request level. 



Reset 

m This push button switch resets all basic timing, 
controls, registers (except index registers and 
address registers), and I/O devices, 

o The interrupt mask register is reset to the ON 
condition. 

m This switch does not reset Digital or Analog 
Output registers. 

The reset switch is ORed with the power -on -reset 
and the alarm -stop -reset lines to activate the DC re- 
set line if the run flip-flop is off. 

Immediate Stop 

• Stops the processor-controller at the end of the 
core storage cycle in operation. 

• Resets the basic timing, controls, registers 
(except index registers, DAO registers, and ad- 
dress registers), and I/O devices. 



Console Intr. Sw N/O— 
Phase A ^\. 



Console Intr. Req 



Console Intr 
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FF 
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-ILSW Bit (Assigned) 
- Interrupt Req (Assigned) 
-Console Intr DSW Bit 



Figure 6-4. Console Interrupt Switch 
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The immediate stop switch turns on the alarm stop 
flip-flop at T7 or X7 time. The output of the alarm 
stop flip-flop activates the DC reset line throughout 
the CPU and the channel circuits. 

Start 

• Causes the program to start or continue from 
its present state according to the setting of the 
mode switch. 

The function of the start switch in the various modes 
is described in the mode-switch description. The 
start push button conditions the turn on and turn off 
of the advance flip-flop. Advance is turned on by the 
fall of the phase -A pulse and is turned off by the fall 
of the next phase-A pulse. The output of the advance 
flip-flop activates the clock advance circuits to run 
the processor -controller T clock. 

Stop 

• Stops the processor-controller at the end of the 
instruction in operation. 

• Data channel operations can be stopped only by 
pressing the immediate -stop push button. 

If at the same time the stop key is pressed an inter- 
rupt occurs that can force a BSI, the stop key must be 
pressed again to be effective. Pressing the start key 
causes the program to resume operation. Operating 
the stop push button conditions the run flip-flop to be 
turned off by the next end-op-T7 pulse. 



Pull Switch and Rotary Switches 

Emergency 

• This pull switch is for emergency use only. 

• Removes all power from the 1801/1802, including 
power to the blowers. 

• This switch must be reset by an IBM Customer 
Engineer o 

Pulling the emergency power off switch drops con- 
tactor Kl and removes voltage from the power sup- 
ply sense relays that are holding relay 1 energized. 



Display Address Register 

• Allows continuous display of the storage address 
register (M register) or any channel address 
register, as selected, in the address register 
display lights. 

This rotary switch gates the contents of the selected 
address register to the address register indicator 
lamps, at T7 time. 

Display Data Register 

• Selects the Q register, an index register, or 
the shift counter for display in the data register 
lamps. 

The selected line from this rotor switch ANDs with 
the display console line to gate the output of the se- 
lected register to the data register lamps, at T7 
time, END OP. 

Mode 

• Defines the function of the start switch. 

RUN: Pressing the start switch with the mode switch 
in the run position initiates the normal program 
operation. 

The run mode disables the end-op T-7 turn off of the 
run flip-flop. The run mode enables the cycle steal 
request circuit and the X clock advance circuit. 
The run mode also keeps the interrupt polling and 
interrupt request circuits conditioned. 

SINGLE INSTRUCTION WITH CYCLE STEAL (SI W/ 
CS): Pressing the start key with the mode switch on 
SI W/CS causes the execution of one instruction. 
Data channel operations can occur during execution 
of the instruction. 

Position 1 of the mode switch activates the 
single-instruction-or-stop line which conditions the 
run flip-flop to be turned off with end -op -T -7, causing 
the processor -controller to stop after executing one 
instruction. Position 1 of the mode switch is jumper- 
ed to position 4 to activate the SS-or -SI -with -cycle - 
steal line which deconditions the turn off of the mode- 
set flip-flop, keeping the interrupt polling and inter- 
rupt request circuits conditioned (ALD page CS 121). 
The SS-or -Sl-with -cycle -steal line also conditions 
the cycle steal request and X clock advance circuits 
on ALD page CQ 101. 
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SINGLE INSTRUCTION (SI): Pressing the start switch 
with the mode switch on SI causes the execution of one 
instruction. Data channel operations are prevented. 

Position 2 of the mode switch activates the single- 
ins true tion-or -stop line which conditions the turn off 
of the run flip-flop with end -op -T -7, causing the 
processor-controller to stop after executing one in- 
struction. This position of the mode switch condi- 
tions the interrupt but not the cycle steal circuits . 

SINGLE STORAGE CYCLE (SSC): Pressing the start 
switch with the mode switch on SSC causes one core 
storage cycle. Single storage cycle operations (usu- 
ally called single cycle operations) can be used in 
conjunction with the console cycle lights to step 
through instructions and to analyze processor-con- 
troller operation. 

Position 3 of the mode switch activates the single - 
storage-cycle-mode line which conditions the turn off 
of the run flip-flop at T-7 time, and note that this turn 
off is not conditioned by end-op; therefore, the proc- 
essor-controller executes one core storage cycle only. 
The single-storage cycle line prevents the turn off of 
the mode set flip-flop (ALD page CS121) to keep the 
interrupt polling and interrupt request circuits con- 
ditioned. This mode does not allow cycle stealing. 

SINGLE STEP (SS): Pressing the start switch with the 
mode switch on SS causes one processor-controller 
clock step (TO through T7 or XO through X7). The sin- 
gle-step-mode line (mode switch position 4) conditions 
the turn off of the run trigger with the fall of start ad- 
vance. The start key turns on the start-advance flip- 
flop and the B phase from the oscillator turns off start 
advance, therefore the run flip-flop is on for one clock 
step. Single stepimode conditions the A-phase-power 
line to be active only while the delay flip-flop is on, 
and the B-phase -power line to be active only when the 
delay flip-flop is off. Single step mode also conditions 
the cycle steal circuits and the interrupt circuits. 

TRACE: This position of the mode switch causes a 
trace interrupt after the execution of each instruction. 
The trace interrupt is a unique interrupt. It has no 
device status word, no interrupt level status word, 
and cannot be masked. The trace interrupt is the low- 
est priority customer interrupt. Once initiated, it is 
delayed by the occurrence of any other interrupt. It 
cannot occur while other interrupts are being serviced. 
When the trace interrupt occurs, the processor -con- 
troller executes the forced BSI and branches to the 
routine whose address is stored at 0009 (see interrupt 
section) . 

The trace mode (mode switch position 11) ANDs 
with not -branch -out to turn on the interrupt -level - 



trace flip-flop. Position 11 is jumpered to positions 
9 and 12 to decondition the end-op-T-7 turn off of the 
run flip-flop to allow the processor -controller to 
operate as in the run mode. This line also conditions 
the interrupt request, interrupt polling, and cycle 
steal circuits. 

LOAD: Pressing the start switch with the mode switch 
in the load position causes the contents of the data 
entry switches to be stored at the address specified by 
the I register (the processor -controller must be in a 
stopped condition and there must be no storage -protect - 
bit in the core storage word). The I register is incre- 
mented during each load operation. 

Pressing the Load I switch with the mode switch 
in the load position causes the contents of the data 
entry switches to be loaded into the I register. The 
load mode (mode switch position 10) activates the 
I/O -to -B -register -gate line. This line turns off the 
parity -sample flip-flop to disable parity checking 
during this operation. The load-mode line also de- 
conditions the turn on circuits for the parity -error 
flip-flop. The I/O -to -B -register -gate line activates 
the channel -bus -to -B -register line to gate the con- 
tents of the data entry switches into the B register. 
The load -mode line activates the load -display -IPL- 
or -core -storage line which forces up the wait -op 
line. Wait-op conditions the run flip-flop to be 
turned off at T 7 time, causing the processor- 
controller to run for one cycle to load the contents 
of the B register (data entry switches) into the core 
storage. 

The operating point of the load I push button con- 
nects to position 10 of the mode switch to activate 
the set-I-register line. The set-I -register line 
activates the B -to -I -register -gate line to load the 
contents of the B register (data entry switches) into 
the I register. 

DISPLAY: Pressing the start switch with the mode 
switch in the display position causes the data at the 
I register address to be displayed in the console B 
register lights. The I register is incremented dur- 
ing the operation. Successive words are displayed 
with successive depressions of the start key. Posi- 
tion 9 of the mode switch activates the display -mode 
line. This line activates the load -display -IPL -or - 
clear-storage line which forces up the wait -op line. 
Wait -op conditions the run flip-flop to be turned off 
at T 7, allowing the processor -controller to run for 
one cycle only. This cycle will leave the data at the 
core storage location specified by the I register 
displayed in the B register. 

The interrupt circuits and the cycle steal cir- 
cuits are not conditioned during this operation. 
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Data Control Indicators 

Arithmetic Control 

• On during arithmetic operations including 
effective address generation. 

• Indicates the on condition of the arithmetic- 
control flip-flop. 

The arithmetic-control flip-flop is turned on by: 

1. T3 time of any II cycle that requires an effective 
address generation, 

2. The II cycle of the store index operation, 

3. The El cycle of any arithmetic operation other 
than multiply, 

4. The El cycle of the modify index operation, 

5. During the 12 cycle if the tag bits are not equal 
to zero and an index operation is not specified, 

6. During the modify index operation 12 or lA cycle 
if the format bit equal one and the tag bits are 
not equal to zero. 

The arithmetic-control flip-flop is turned off at TO 
time by the DC-reset-op-register line. 

During the divide operation it is turned off by the 
divide reset A register line or when the shift counter 
equals or 1. It is also reset when the D register 
equals and the double precision carry line falls. 
The timing charts for the various arithmetic opera- 
tions show the turn on and turn off times for the 
arithmetic control flip-flop. 

Shift Control 

• This indicator is on when the shift control 
flip-flop is on. 

The shift control flip-flop is turned on at T3 time 
when the op decode circuits decode a shift operation 
and at T3 time of multiply operation E cycles . It 
is turned off by DC-reset-op-register or during I 
cycles if the shift counter equals zero. It is also 
turned off by a B-phase pulse during a shift opera- 
tion when the shift counter equals zero or the shift 
left and count bit is detected. 



Add 



This indicator is on when the add flip-flop is on, 
which is for any arithmetic operation and for I 
cycles that require effective address generation. 



The add flip-flop is turned on at T3 time of any cycle 
that requires the D register to be added to the A 
register. (It is not on for a subtract operation.) It 
is reset at TO of I cycle 1 by the DC-reset-op- 
register line. During the divide operation, E cycle 
1, it is turned off when the arithmetic- sign flip-flop 
is turned off. 

Arithmetic Sign 

• During an arithmetic operation this lamp indicates 
that the signs of the two factors were not initially 
equal . 

The arithmetic-sign flip-flop is turned on at T2 time 
of a divide E cycle if the A register, bit 0, is equal 
to one. It is turned on at T 3 time of an add or sub- 
tract E cycle if the signs of the two factors are not 
equal. It is turned on at T3 time of a divide E cycle 
if the B-register-bit-0-latched flip-flop is on. It is 
also turned on at T3 time of a multiply E cycle if the 
B-register-bit-0-latched flip-flop is on. The arith- 
metic-sign flip-flop is reset by the next T3 time if 
any of the turn-on conditions are still active, at Tl 
time of a divide E cycle, or by the DC-reset-op- 
register line. 

Zero Remainder 

• This indicator is on at the end of a divide opera- 
tion if the accumulator indicates a zero balance 
or if a quotient correction is not required. 

The zero-remainder flip-flop is turned on at T3 time 
of a divide operation E cycle when the shift counter 
has reached a count of one (17th cycle) . If the arith- 
metic-sign flip-flop is off (like signs) the zero- 
remainder flip-flop is turned off at T3 time of a 
divide E cycle when the shift counter equal one and if 
the B-register-bit-0-latched flip-flop is on. It is 
also turned off by the DC-reset-op-register line. 

Branch 

• This indicator is on when the branch-2 flip-flop 
is on. 

• Branch-2 flip-flop is on during T7 time of the 
branch or skip on condition operation, the modify 
index instruction, the load index instruction or 
the shift left and count instruction. 

The branch-2 flip-flop is used to extend the T7 cycles 
of instructions other than arithmetic instructions. 
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It is turned on at T 7 time of the cycle in which the 
branch-1 flip-flop is turned on. The branch-1 flip- 
flop is turned on at T6 time of a shift left and count 
instruction, an LDX instruction, and MDX instruc- 
tion, or a BSC with format equal one* The branch-2 
flip-flop is reset when the branch-1 flip-flop is re- 
set or by DC reset. The branch-1 flip-flop is reset 
after one cycle. 

Storage Protect Bit 

• This lamp is on when the storage-protect-bit 
flip-flop is on. 

• Storage-protect-bit flip-flop is turned on when 
the storage protect bit sense amplifier is 
activated from core storage or at T3 time when 
the storage-protect- set-gate is activated. 

• The storage-protect-bit flip-flop is turned off 
by DC-reset-B-register or at T3 time when the 
storage-protect-re set-gate is active. 



The parity-bit flip-flop is effectively an extension of 
the B register. During the core storage read cycle 
it is turned on by the parity bit sense amplifier if 
the parity bit of the addressed core storage word 
contains a one bit. During the write cycle, this flip- 
flop, if active, controls the inhibit drivers to write 
a one bit in the addressed position of core storage. 

Interrupt Service 

• This lamp is on during the I-l and 1-2 cycle of 
the forced BSI instruction. 

The interrupt service indicator is on when the any- 
interrupt-request line is active. Any-interrupt- 
request is active when the master interrupt- request 
flip-flop is on, and the other conditions exist that 
enable an interrupt. The master inter rupt-request 
flip-flop is turned off at T7 of the I 2 cycle when the 
shift counter equal zero. 

Cycle Steal Service 



During any core storage read cycle, the storage 
protect bit sense amplifiers will turn on the storage- 
protect-bit flip-flop if there is a storage protect bit 
stored in the addressed position of core storage. 
The storage-protect- set-gate, which conditions the 
turn on of the storage-protect-bit flip-flop, is 
activated if the mod- 15 flip-flop is on, the write- 
storage-bit toggle switch is on, and a store status 
instruction (with format equal 1 and modify bit nine 
equal 1) is being executed. The storage-protect- 
re set-gate which turns off the storage-protect-bit 
flip-flop is activated when the mod- 15 flip-flop is off, 
the write-storage-protect-bit toggle switch is on, 
and the store status instruction (with format = 1 and 
mod bit 9 = 1) is being executed. This line is also 
activated if the mod- 15 flip-flop is off, the write- 
storage-protect-bit toggle switch is on and the clear- 
storage push button is being held depressed. 

Parity Bit 

• This lamp is on when the parity-bit flip-flop 
is on. 

• The parity-bit flip-flop is turned on by the parity 
bit sense amplifiers, the in bus parity generator, 
or the parity generator for the out bus. 

• The parity-bit flip-flop is turned off by the DC- 
reset-B-register or by either of the parity 
generators . 



• This lamp is on when the any- cycle- steal -cycle 
flip-latch is on. 

The any-cycle-steal-cycle flip-latch is turned on by 
any cycle steal level through 8 or the interval timer 
cycle steal cycle. It is turned off at the end of a 
cycle steal cycle. 

Auxiliary Storage 

• This lamp is on when the auxiliary storage is 
being addressed. 

The auxiliary storage indicator is on when the stor- 
age address bit AUX line is active. This line is 
activated by the force auxiliary switch on the I/O 
monitor interface panel or by the CE interrupt with 
the interrupt to auxiliary /main storage switch in the 
auxiliary position. 

Op Code Check 

• This indicator is on when an invalid op code is 
in the op register. 

The op code check lamp is operated by the illegal-op 
flip-flop which is turned on at T4 time of an I-l cycle 
if the op register contains an invalid op code, as 
shown on MDM page CC30102. The illegal-op flip- 
flop is turned off by the DC-reset-op-register line. 
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Storage Protect Check 



Cycle 



• Turned on when an attempt is made to write 
into a "read-only" location. 

• This indicator is lighted directly from the 
storage-violate flip-flop. 

The storage-violate flip-flop is turned on if the B 
register gate is active, indicating a storage write 
operation, and the storage protect bit is active, 
indicating a read-only core storage location is being 
addressed. The storage-violate flip-flop is turned 
off by the DC-reset-B-register line. 

When the storage-violate flip-flop is turned on, 
if an XIO data cycle is not active, the check indica- 
tor (interrupt level) is turned on. The storage- 
violate flip-flop can then be turned back on to indi- 
cate any subsequent storage protect error. 

Parity Check 

• Turns on when a parity error (even number of 
bits) is detected in the B register. 

The parity check indicator is operated directly from 
the parity -error flip-flop. The parity -error flip-flop 
is turned on when conditioned by the parity-sample 
flip-flop and the storage -write -use line, if the parity 
generator from the B register indicates the parity bit 
is required and the parity -bit flip-flop is not on. The 
parity bit flip-flop is also turned on if the parity gen- 
erator indicates that a parity bit is not required and 
the parity flip-flop is on. The parity -error flip-flop 
is turned off by the DC-reset-B-register line. 

When the parity-error flip-flop is turned on, 
if an XIO data cycle is not active, the check indicator 
(interrupt level) is turned on. The parity-error flip- 
flop can then be turned back on to indicate any sub- 
sequent parity error. 

Clock through 7 

• These eight lamps are on when their respective 
T clock or X clock flip-flops are on. 

These indicators show the advance of the processor- 
controller clock (T) or the cycle steal clock (X) 
during start-key depressions when the mode switch 
is in the single step (SS) position. 



• These five lamps (II, 12, lA, E, and El) indicate 
the part of an instruction that is being executed 
by the processor-controller. 

II: This lamp shows that a new instruction is being 
set up for execution. This lamp is operated directly 
from the II flip-flop which is DC reset on, or is 
turned on after the last cycle of every operation (end 
op TO) . It is turned off at the next TO if not end op. 

12: This lamp shows that the second word of a double 
word instruction is being set up for execution. The 
lamp is operated directly from the 12 flip-flop. The 
12 flip-flop is turned on at TO following II if the for- 
mat bit is a one. It is turned off at the next TO time. 

lA: This indicator shows that the instruction being 
set up is a double word instruction that has an in- 
direct address. The indicator is on while the in- 
directly addressed word is being read out of storage. 
The lamp is operated directly from the lA flip-flop, 
which is turned on at TO time of a two word instruc- 
tion (bit 5 = 1). If the lA bit (bit 8) is a one it is 
turned off at the next TO . 

E: This indicator shows that the instruction set up 
during I time has been defined by the op code and is 
now being executed. The lamp is operated directly 
from the E flip-flop, which is turned on at TO, follow- 
ing any I cycle if end op is not active or if conditions 
do not exist to turn on 12, 13, or lA. It remains on 
for any El, E2, or E3 cycles and is turned off with 
end op TO. 

El: This lamp is operated directly from the El flip- 
flop which is turned on with the E flip-flop. It is 
turned off with the next TO pulse. 

If the E cycle stays on for the following cycle, 
that cycle is an E2 cycle. The third E cycle is an 
E3 cycle (XIO instruction only). There are no E2 
and E3 console indicators. 

Timers 

• Three lamps (A, B, C), when on, indicate that 
their respective interval timers are in operation. 

The timer A lamp is operated from the off side of the 
timer-A flip-flop. The timer-A flip-flop is turned 
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off by a control function with an lOCC modifier 
bit = 1 . This condition enables the interval -timer- 
A to operate. The timer-A flip-flop is turned on 
(lamp off) by a timer control function with an lOCC 
modifier bit = . 



I A (Indirect Address) 

• For double word instructions, except BOSC 

operations and a modify index operation, indicates 
that the effective address is an indirect address. 



Interrupt Levels 

• Twenty seven indicators (0 through 23, check, 
trace, and CE) indicate when an interrupt is 
being requested (if not masked) or serviced. 

The interrupt level lamps are operated directly 
from the level flip-flops which are turned on by 
requests from the interrupting devices. How- 
ever, if the mask flip-flop is on, the level 
flip-flop cannot be turned on. It is turned off 
by a branch out of interrupt (BOSC) instruction 
executed at the end of the interrupt routine for 
that level 



Op Code 

• Five indicators (0 through 4) display the op 
code of each instruction in a binary form. 

These lamps operate directly from the op register 
flip-flops. These flip-flops are turned on by B 
register bits through 4 at T2 time of the II cycle. 
They are reset at TO time of the next II cycle. 

F (Format) 



• For BOSC operations, used with bit 9 to modify 
the instruction. 

• For the modify index operation, indicates an 
add to storage function. 

The indirect address indicator is operated from the 
modifier register bit-8 flip-flop. This flip-flop is 
turned on at T2 time of an II cycle if the B register 
bit 8 = 1. It is also turned on by the add-to- storage- 
interlock flip-flop during a modify index operation. 
It is turned off by the DC-reset-op-register line. 

BO (Branch Out) 

• During a BSC instruction, this lamp indicates a 
branch-out-of-interrupt (BOSC) . 

This lamp is operated from the modifier register 
bit-9 flip-flop, which is turned on at T2 time of an 
II cycle if B register bit 9 = 1, It is turned off by 
the DC-reset-op-register line. 

CAR (Carry) 

• During an arithmetic operation, this lamp in- 
dicates a carry out of high order position of the 
accumulator. 



• Indicates that a two word instruction is specified. 

This lamp is operated directly from the format-bit-5 
flip-flop which is turned on at T2 time of an II cycle 
if the B-register bit 5 = 1. It is turned off at TO time 
of the next II cycle. 



Tag 



• Two lamps indicate the index register specified 
for modification of the instruction addressed. 

The tag register indicator lamps are operated directly 
from the tag register bit 6 and 7 flip-flops. These 
flip-flops are turned on at T2 time of an II cycle if 
B register bit 6 or 7 = 1. They are turned off at TO 
of the next U cycle . 



• During a shift-left operation, this lamp indicates 
that the high order position of the accumulator 

= 1. 

• During a load status instruction, this lamp in- 
dicates that the carry flip-flop was turned on. 

• During a shift-left and count instruction, this 
lamp indicates that a shift into the high order 
position of the accumulator occurred before the 
shift counter reached a count of zero. 

The carry indicator is operated by the carry flip-flop. 
This flip-flop is turned on during an arithmetic opera- 
tion if a temporary-carry flip-flop is on. During a 
shift-left operation, it is turned on when the A reg- 
ister bit = 1. During a load status instruction, it 
is turned on if the D register bit- 14 = 1. During a 
shift-left and count operation, it is turned on if the 
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branch-1 and branch-2 flip-flops are on and the shift 
counter is not equal to . The carry flip-flop is 
turned off by: a BSC instruction that tests the carry 
flip-flop, a load status instruction that specifies the 
turn off of the carry flip-flop, or an SLC operation 
if the branch-1 and the branch-2 flip-flops are on 
and the shift counter is equal to 0, 

Overflow 

• During an add, subtract, or divide operation 
this lamp indicates that the operation has pro- 
duced a result larger than can be accurately 
represented in the accumulator. 

• During a load status instruction, this lamp in- 
dicates that a turn on of the overflow indicator 
is specified. 

The overflow indicator is operated directly from the 
overflow flip-flop . The turn on circuits for the over- 
flow flip-flop are shown in MDM page CC50102. This 
flip-flop and its associated indicator are turned off 
by: a BSC instruction that tests the overflow flip- 
flop, or a load status instruction that specifies the 
turn off of the overflow flip-flop . 



Data Flow Indicators 

Address Register 

• These !l6 lamps indicate the contents of the stor- 
age address register (M register) or any channel 
register as selected by the display-address- 
register switch. 

These lamps are turned on by the active condition of 
their respective positions of the storage address in 
bus. This bus is gated during the storage address 
cycle and by the display- console line, which is active 
when the clock is stopped. 

/, B, D, A Registers 

• These lamps continually display the contents of 
their respective registers. 

Data Registers 

• These 16 lamps display the contents of the Q 
register, any index register, or the shift counter 
as selected by the display data register rotary 
switch. 



The contents of the selected register are gated 
to these lamps by the display-console line, which is 
active when the processor-controller is in a stop or 
a wait condition, at T7 time. 



Toggle Switches 

Sense and Program 

• The contents of these 8 switches can be stored in 
bit position through 7 of the A register or a 
core storage location. 

An XIO instruction specifying an lOCC with an area 
code of 0, a function of read, and a unit address 
(bits 8,9, and 10) of Oil, stores the contents of the 
sense and program switches at the core storage ad- 
dress specified by the lOCC. An lOCC with area 
code 0, a function of sense device, and a unit address 
(bits 8,9, and 10) of Oil load the contents of the 
sense and program switches into the accumulator. 

Operations /\/Ionitor 

• Operating this switch to the on position starts 
the operations monitor. The off position disables 
the monitor. 

The normally closed contacts of the operation moni- 
tor toggle switch applies a minus level to disable the 
operations monitor circuits. Turning on this switch 
activates the operations-monitor-coil line. This 
line starts the operations monitor timing out in the 
time interval selected by a rotary switch on the I/O 
monitor interface panel. 

Disable Interrupt 

• Masks all interrupt levels including internal 
(check) errors. 

This switch can be used during servicing to choose 
the time at which the program may be interrupted. 
The highest, unmasked, level that is active is ser- 
viced when the switch is turned off. The normally 
open contacts of this switch must be inactive (switch 
off) to gate the output of the interrupt level flip- flops 
to turn on the interrupt request flip-flops. 

Check Stop 

• When on, stops the processor-controller when 
one of the following errors occur: invalid opera- 
tion, parity error, or storage protect error. 
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• The stop occurs at the end of the core storage 
cycle in which the error is detected. 

• The start key must be pressed to restart the 
system. 

• When the check stop switch is off, an internal 
error initiates an internal interrupt. 

A channel address register (CAR) check internal 
error initiates an internal level interrupt regardless 
of the position of the check stop switch. 

The check stop switch, when active (switch on), 
ANDs with parity error, storage violate, or illegal 
ops to activate the error-check- stop line. This line, 
when activated, turns off the run flip-flop and inhibits 
any interrupts. The error-check- stop line also 
ANDs with a not run condition and the X7 pulse to 
inhibit further advance of the X clock. 

Write Storage Protect Bits 

• This switch enables the writing or clearing of 
storage protect bits in core storage. 

The normally open side of this switch, when active, 
(switch in YES position) is used with the clear storage 
switch or with the store status instruction to activate 
the storage protect set gate or storage protect reset 
gate, depending upon the condition of the mod- 15 flip- 
flop. The normally open line is also used to turn off 
the parity- sample flip-flop for the clear storage or 
store status operations (see clear storage switch 
description, this section) . Operation of this switch 
during P-C operation may cause a parity error. 

Data Entry Switches 

• The contents of these 16 switches (bit switch- 
bit 15 switch) can be stored by either manual or 
programmed control. 

• Contents can be loaded into the I register by the 
load I key, when in load mode. 

e The contents of the switches can be loaded into 
the accumulator by a sense device command. 

The contents of the data entry switches are gated on- 
to the channel data bus by the gate-bit- switches line, 
which is activate by the load mode switch, or by the 
XIO read command or XIO sense command with the 
bit switches selected. The channel data bus lines are 
gated into the B register. If the operation is an XIO 
read command, the B register contents are stored into 
core stor^e. If the operation is an XIO sense device 



command, the B register contents are gated into the 
accumulator. If the mode switch is in the load posi- 
tion, and the load I key is pressed, the B -to -I -register - 
gate line is activated and the contents of the B register 
(data entry switches) is loaded into the I register. 

SECTION 2. MAINTENANCE FEATURES 

• Hardware and program checks enable on-line 
servicing. 

• Non-vital units can be program -disconnected for 
off-line servicing without serious interruption of 
the customer's process. 

The primary objective of the maintenance plan is to 
provide the customer with the maximum usage of those 
system components necessary to control his process. 
To accomplish this, hardware and programmed checks 
have been provided to allow continued operation of 
vital components in spite of transient failures. 

Hardware and programmed checks are also pro- 
vided to permit detection of solid failures of non -vital 
components . When a non-vital component fails it can 
be program -disconnected for off-line servicing with- 
out severely jeopardizing the application. In general, 
it is assumed that items such as paper tape readers 
and punches, card readers and punches, and high speed 
printers are not essential to the control of the process. 

By the above expedient, the system will go down 
only when it is severely degraded by frequent transient 
errors, or a solid failure has occurred in a vital func- 
tion or component. 

The plan also incorporates the ability to tolerate 
certain solid failures within the vital components. An 
example of this would be a multiplexer point which 
fails in the open condition. Failure of a single multi- 
plex point is considered to be a failure for which the 
customer will not relinquish control of his system. 
Therefore these units will be repaired only after 
multiple failures have occurred. 

Failure of critical areas of the system will neces- 
sitate an immediate interruption to customer use of the 
system. Rapid repair is essential in these instances. 
To minimize the amount of down time, the 1800 System 
is functionally assembled to permit rapid diagnosis, 
isolation, and repair. Each of the selective features is 
packaged as a discrete functional assembly, permitting 
disconnection or attachment to the system without af- 
fecting the performance of any other feature or unit. 



Hardware Checks 

Within the processor -controller, all data is checked 
when read from core storage. The P-C also checks 
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for illegal operation codes in the Op code register, 
and it checks for an attempt to write into a storage- 
protected word in storage. These latter two checks 
detect both faulty programming and faulty circuits. 
All of the above checks cause a highest-level interrupt 
on error. Examination of the device status word 
(DSW) for the processor-controller indicates the cause 
of the interrupt. 

The I/O adapters also contain checking circuits. 
The outputs of these circuits are the sensed indicators 
which make up the device status word. The DSW, 
through proper programming techniques, can be used 
to identify the type of failure and to guide corrective 
action in the operating program. The DSW can also 
be used to log errors during customer run time for 
later analysis by the Customer Engineer. 



Programmed Checks 

For rapid diagnosis and highest reliability, program- 
med checks should be placed at frequent intervals 
throughout the operating program. When an error is 
detected, the program should include a restart pro- 
cedure to prevent an unscheduled interruption, and 
should include complete error logging of all pertinent 
facts for use as a diagnostic tool by the Customer 
Engineer. 



Diagnostic Programs 

The 1800 system diagnostic programs include function 
tests, auxiliary exercisers, one-card scope routines, 
timing tests, and utility programs. 

The function tests include basic CPU checkout 
and I/O function tests. The auxiliary exercisers pro- 
vide on-line (shared operation with customer's pro- 
gram) exercising of I/O units. Scope routines are 
short loop programs designed specifically for scoping. 
Timing programs test a specified timing or facilitate 
an adjustment. Utility programs assist in using the 
diagnostic test programs. 

The maintenance diagnostic programs are de- 
scribed in the 1800 system maintenance manual (see 
FE bibliography 1800 system. Form Y26-0560) and 
are fully documented in the diagnostic program man- 
uals provided with the system. The diagnostic pro- 
gram manuals include a system summary, an opera- 
tion summary, and the program listings. 



I/O Monitor Interface Panel 

• The interface panel (Figure 6-5) contains connectors 
and manual controls for servicing the 1800 system. 



Signal Interface Connectors 
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Figure 6-5. I/O Monitor Interface Panel (1801 or 1802) 
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Interface Connectors 

• A power connector provides SLT voltages to the 
I/O monitor unit. 

• There are three signal connectors (A, B, and 
C) for channel and for each device attachment 
that employs the I/O monitor unit- 

Channel control and the following device attachments 
are monitored via signal connectors on the interface 
panel: 

Analog Input 

Digital and Analog Output 

Digital Input 

1443 Printer 

1054/1055 Paper Tape 

1442 Card Read Punch 

2401/2402 Tape Control Unit 

The number of signal connectors and the arraage- 
ment on the panel will vary according to the system 
configuration. Decals are used to identify the con- 
nectors. 

The signal interface lines provide a convenient 
means of delivering prime test point data to the I/O 
monitor unit from the device under test. 

Force Auxiliary On /Off Switch 

• This toggle switch enables the initial loading 
from card or paper tape into auxiliary storage. 

The resident loader program for dia^ostic routines 
can be loaded into auxiliary storage through the ini- 
tial program load function when this switch is on. 
The entire processor-controller is used but main 
core storage cannot be addressed. 

The normally open side of the force auxiliary 
switch activates the auxiliary- storage- select line, 
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which activates the auxiliary- storage-bit line to se- 
lect auxiliary storage (Figure 6-6). 

Interrupt to Auxiliary/Main Storage 

• This toggle switch, in the auxiliary position, 
causes a CE interrupt branch vector into aux- 
iliary storage address 0001 , The return ad- 
dress is stored in OOOA^^ of main storage. 

16 

• In the main storage position, this switch causes 
a CE interrupt branch vector into main storage 



address 0001 



16* 



The return address is stored 
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FF 
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Force Aux Switch 
OQff 
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at OOOA^g of main storage. 

The normally open side of the interrupt to auxiliary/ 
main storage switch activates the auxiliary- CE- 
interrupt line. This line conditions the CE-interrupt- 
auxiliary- storage flip-flop to be turned on at end 
op T7 time if the CE interrupt level is active (Fig- 
ure 6-6). The CE -interrupt- auxiliary- storage flip- 
flop activates the auxiliary- storage-bit line which 
selects auxiliary storage. 

CE Level Interrupt 

• This push-button switch causes a CE interrupt 
into auxiliary storage or main storage, depending 
upon the position of the interrupt to auxiliary/ 
main storage switch. 

Pressing this switch turns on the CE-interrupt- 
shaper flip-flop which turns on the CE-interrupt- 
request flip-flop (Figure 6-7) . The CE-interrupt- 
request flip-flop output is ORed with the polled I/O 
bit 15 from an I/O device that is in the CE mode to 
turn on the level CE flip-flop in the interrupt register. 

CE Sense Switches 

• These eight toggle switches are used with the 
console sense and program switches to direct 
diagnostic exercises. 



-Aux Stor Bit 
(CE Int Circuits) 



On 



-Aux Clear Stor Dot 
(Clear Storage Circuits) 



124231 



Figure 6-6. Interrupt to Aux/Main Storage and Force Aux Switches 
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Figure 6-7. CE Interrupt Switch 



• On a sense-device command, these switches 
enter bit positions 8-15 of the DSW. 

• On a read command, these switches enter core 
storage in the location specified by the I register . 

The normally open side of the CE sense switches is 
gated to the channel data bus by the gate-program- 
switches line. 

NOTE: This circuit uses negative logic. That is, 
when the sense switch is on and the gate-program- 
switches line is active an AND circuit is decondi- 
tioned, then inverted to activate the channel -data-bus- 
bit line (ALD page CT141). The channel data bus lines 
are gated into the B register by an XEO input function 
at T3 time of the XIO data cycle. If the XIO command 
is a sense device, the B register contents are loaded 
into the accumulator. If the XEO command is a read 
command, the B register contents are stored in core 
storage at the location specified by the I register. 

DC Circuit Breal<er Trip 

• This lamp turns on if an overcurrent CB trips 
in any MPS (medium power standarc^ power 
supply in the 1801/1802 or 1826. 

• The +48v supply and the power-failure-protect 
supply are not MPS power supplies and have no 
circuit breakers. 

The overcurrent circuit breaker normally-open points 
are connected in parallel (Figure 6-8) so that if any 
circuit breaker is activated, this lamp will light. 



Use l\/leter Switch 

• A key switch, operated by the Customer Engi- 
neer's use-meter key. 

• In Customer position, this switch conditions the 
use meter circuits in the I/O units. 

• In CE position, this switch deconditions the use 
meter circuits in the l/O units. 

The Use Meter switch, located on the I/O Monitor 
Interface panel, can be operated only by the CE use- 
meter key. The use meters, in the l/O units, are 
conditioned by the normally- closed contacts of this 
switch and by a signal line, such as "busy", that in- 
dicates the unit is being used. 

When turned tp the CE position (normally -open), 
the switch prevents the use meters from accumulating 
time. The switch must be in the Customer position 
to remove the key. 



I/O Monitor Unit 

• The I/O monitor is a portable service aid con- 
taining three latching display registers. 

• Controls on the monitor permit the setting and 
resetting of these registers. 

• The status of device signals can be examined 
at any point in the device cycle . 
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• This unit also provides a means for comparing 
or analyzing display data to enable error detec- 
tion or data searching. 

• A sync probe can be used to set the display reg- 
isters with SLT signals. 

• Data is brought to the three display registers 
via pluggable connectors, one for each display 
register. 

• MDM page WA40101 shows the l/O Monitor 
circuits . 

The monitor can be used as a simple display unit or 
it can be used in a dynamic manner to trap inter- 
mittent fault data, to cause address or data stopping 
of the processor- controller, or to generate scope 
sync pulses. 



Applications 

Operation of the I/O Monitor unit is described in the 
1800 system maintenance manual (see FE bibliography 
1800 system, Order No. SY26-0560). 

One method of checking an I/O operation is by 
comparing the timing chart in the system MDM pages 
with the I/O Monitor unit indicators. 

The Console mode of operation provides a means 
of checking devices which can be single cycled or 
which are hung up. 

The Sampled and Gated modes provide a check of 
devices which cannot be single cycled or any device 
being operated by the customer. This ability pro- 
vides a method for detecting and capturing intermittent 
or solid fault data. 

The syncing features permit the selection of the 
operation and time for a check-out operation. The 
modes of operation (Sampled or Gated) provide the 
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ability to check a specific cycle within the operation 
or an over-all summarized check. 

The B-Register Compare switches provide a 
method for automatic analysis of display data. In 
effect, these switches eliminate the need to observe 
each display to decide if the operation is proper • 
The proper operation data is set into these switches 
and each display cycle is automatically checked. 

The features which provide automatic check-out 
also provide processor stopping on addresses or 
other desired conditions, scope sync generation, and 
other useful functions. 

Operating Philosophy 

The I/O Monitor permits the trapping of events occur- 
ring any time within a device operation, and trapping 
events which occur prior to error detection. For 
this type of trapping, most dynamic display opera- 
tions employ a fixed sequence of events: 

!• Latch displays ON at sync time. 

2. Hold (trap) the latched display data if an error is 
detected subsequent to sync time. 

3. Automatically reset the displays if no error is 
detected by the end of the operation cycle being 
monitored. 

The trapping of display data is accomplished by in- 
hibiting the automatic reset of data which was latched 
on at display sync time. 

The following sections describe the sjmcing, 
holding and resetting of the various display modes. 
Figure 6-9 is a block diagram of the I/O Monitor 
registers and controls. 

Display Set Up Modes 

• There are three basic tjrpes of displays which 
can be set up (latched on) in the l/O Monitor. 

CONSOLE DISPLAY: In this mode, the indicator 
lamps will follow the interface signal line status. 
When a signal line is up, its indicator is on. When 
a signal line is down, its indicator is off. 

This mode of operation is used during manual 
cycling or when a hang up occurs. 

SAMPLED DISPLAY: This mode of operation pro- 
vides a "snap shot" type of display. It enables the. 
CE to observe or analyze signal line status as of 
some specific time within an operation. This mode 
can be used for address stopping, scope sync gener- 
ation, data analysis, etc. 



GATED DISPLAY: This mode provides a "time ex- 
posure" type of display. It enables the CE to observe 
or analyze the signal lines which come up during an 
over all operation. 

This mode of operation is usually used to analyze 
control type signals to verify that only the appropriate 
control lines come up or failed to come up during the 
operation. 

The Sampled and Gated Type displays are dynamic 
displays. They can be utilized while the system is 
operating. They do not necessarily require that a 
diagnostic program be operating. They can be utilized 
during normal customer operation. 

Display Hold (Trapping) and Reset Modes 

• The monitor provides the following options for 
holding or resetting displays under automatic 
controls. 

GATED MODE DISPLAY: With this display mode, the 
monitor can trap all events which occurred prior to 
error detection time or all events which occurred at 
error detection time and subsequently. 

SAMPLED MODE DISPLAY: With this display mode, 
the monitor can trap a desired sample of the events 
which occurred prior to the error, or the status of 
the signal lines at error detection time. 

Note: When attempting to trap a sample ahead of an 
error, if the error occurs prior to the defined sample 
time, the monitor traps with no display indicators on, 

TRAPPING A DISPLAY BY ANALYZING THE DIS- 
PLAY DATA: With either the sampled or gated dis- 
play mode, data can be latched into the displays, 
then analyzed with the B-Display Compare feature 
and either held or reset depending upon the outcome 
of the comparison. 

SETTING AND TRAPPING A DISPLAY BY COM- 
PARING B-DISPLAY DATA: In the Sampled Mode 
only, it is possible to utilize the B-Compare feature 
to scan for a desired address or data combination. 
When the output of the comparison is as specified, 
the displays can be both set and trapped. 

Scope Sync Generation and Processor- 
Controller Stopping 

SCOPE SYNC GENERATION: Immediately following 
the setting of displays in both the sampled and gated 
modes, the B-Compare feature is tested. If the com- 
pare result is true, a 150 nanosecond positive pulse 
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Figure 6-9. I/O Monitor Data Trapping Facilities 

is emitted from the B-Compare Exit hub. This 
pulse can be used as a scope sync. 

PROCESSOR STOPPING: By applying a jumper on the 
processor-controller back panel, the processor 
Error-Stop circuit is activated when the I/O Monitor 
display-hold latch comes on. 

This procedure, described in the IBM 1800 Data 
Acquisition and Control System Field Engineering 
Maintenance Manual (see FE Bibliography - 1800 
System, Order No. SY26-0560), is effective only if 
the I/O Monitor C-Display cable connector is plugged 
to the Channel Interface C-Connector. 



Functional Description 

A-DISPLAY REGISTER: This is an 18-position latch- 
ing display register. Signal lines are brought to the 
display latches via the A-interface cable connector. 
This register has no data analysis (comparing) ability. 

B-DISPLAY: This is an 18-position latching display 
register. Signal lines are brought to the display 
latches via the B-interface cable connector. 

B-DISPLAY COMPARE SWITCHES: There is a 3- 
position toggle switch associated with each indicator 
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position of the B-display register. These switches 
are tested at compare time. If the switch settings 
are the same as the indicator latch status (ON or 
OFF), a compare-equal condition is generated. When 
a switch is set to the NULL position, its indicator 
latch is excluded from the comparison. Each switch 
in the NULL position renders a compare equal con- 
dition for its indicator. 

C-DISPLAY: This is a ten position, latching display 
register. Signal lines are brought to the display 
latches via the C-interface cable connector. 

C-DISPLAY COMPARE SWITCHES: There is a 3-po- 
sition toggle switch associated with each C-display 
signal line. When the signal line status (up = ON, down 
= OFF) agrees with the switch settings (ON or OFF), a 
C-Compare-Equal condition is generated. The NULL 
position of each switch provides a means for excluding 
a signal line from the comparison. Any nulled switch 
is interpreted as equal in the comparison. 

The C- compare- equal condition is employed in 
the control of the set lines to all display latches. 
No display can be set in the sampled or gated mode 
when C-compare is unequal. By setting all C- 
compare switches to NULL, a continuous C-compare- 
equal is generated, effectively turning C-compare 
OFF to enable displays to be set by other syncing 
means. 

The signal lines brought to the C-display are 
those which are anticipated to be the most frequently 
used display sync lines. 

Notice that the comparison is made directly from 
the incoming signal lines. This differs from the 
B-compare method which compared the data in the 
display latches. 

Display Set Control Switches 

DISPLAY SET TYPE: This three-position switch 
selects the basic type of display desired. 

Gated Display - This is the ''time exposure" type of 
display. With the switch in this position, the set 
lines to all display latches come up when the display- 
set- sync rises and stay up until the display- set- sync 
falls or is dropped by a device detected error (see 
Any Error Hold Switch) . The display- set- sync is 
generated by a C-display-compare-equal ANDed with 
the sync probe input. 

While the display-latch-set lines are up, any 
signal line which comes up causes its display latch to 
turn on and stay on even though the signal line falls 
at a later time during the "gated" period. 



Sampled Display - This is the "snapshot" type of dis- 
play. With the switch in this position, the set lines 
for all display latches come up when the display- set- 
sync rises. The display-set lines fall 150 nano- 
seconds after the rise of the display- set- sync. 

Only those display latches whose signal lines are 
up during the 150 nanosecond set-pulse time are latch- 
ed on. 

The display- set- sync is normally generated by a 
C-display-compare-equal ANDed with the Sync Probe. 
An exception to this rule exists when the B-Display 
Compare feature is also ANDed with the above sync 
generation media (See B-Compare Switch under Display 
Hold Control) . 

Console Display - This is the conventional indicator 
type of display wherein all indicators follow their 
respective input signal lines (UP = ON, Down = OFF). 

In this mode, the display latches are not latched. 
Both the display set and reset lines to all display 
latches are continuously held up. Therefore, the sig- 
nal data flows directly through each latch to the indi- 
cator. 

With the switch in this position, all other control 
switches are ineffective and require no set up, 

Slync Probe - This three-position switch provides a 
means for activating or deactivating the sync probe . 
Remember that the sync probe is always ANDed with 
the C-compare switches to generate a sync. When the 
probe is not used, this switch must be in the OFF 
position or no sync can be generated. In the OFF 
position, the probe leg of the sync AND circuit is 
always satisfied. 

The Plus In and Minus In settings of this switch 
activate the sync probe and define the desired level 
which is to satisfy the probe leg of the sync AND 
circuit. 

The sync probe attaches immediately below this 
switch. Only a compensated 10:1 probe should be 
used. 

Display Hold Control Switches 

B-COMPARE: These switches serve to define the de- 
sired B-Compare status (^ or =) and what is to be 
done when the desired status occurs. 

HOLD: When the leftmost 3 -position switch is in this 
position, the compare "true" status is used to set the 
display-hold latch on and thereby causes the data in 
the display latches to be trapped. Once the display- 
hold latch is on, the automatic reset of the display 
latches is blocked. 
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OFF: With the switch in this position, there is no use 
of the B-Compare result within the I/O Monitor, 

SYNC: In this position, the B -compare -true result 
is ANDed with the C -display-compare and sync- 
probe input in the generation of the display-set-sync. 

Note: The Type switch must be in the Sampled set- 
ting to utilize this mode of operation. 

In this mode of operation, the display indicators 
can appear to flash prior to the actual display set 
time. This flashing results from the method whereby 
this function is implemented. Recall that the B- 
compare switches compare the display data in the 
display latches. They do not make the comparison 
directly upon the incoming signal line as does the 
C-compare feature. Therefore, the display set and 
reset lines are held up during the "searching" opera- 
tion so that the signal data can "flow through" the 
B-display latches to the compare switches. 

When a B-compare "True" condition occurs at 
the time C-compare is equal and the sync-probe in- 
put is present, the display-reset lines fall and a 
150-nanosecond set pulse causes the display latches 
to be set. The display-hold latch is also set to pre- 
vent the trapped display from being automatically 
reset. 

Note: The term B-compare "True" is used be- 
cause the CE can employ either an equal or unequal 
B-compare status in his set up. 

B-Compare Exit Hub 

This hub emits a 150-nanosecond positive pulse each 
time the B-compare is true. This occurs regardless 
of the setting the B-Compare (Hold, OFF, SYNC) 
switch. 

At the fall of the display- set lines, B-Compare 
is always tested and if it is "true", the B-Compare 
Exit hub emits a pulse. 

Notice that it is not necessary to cause the I/O 
Monitor to trap if only the B-Compare exit pulse is 
required. 

Any Error 

Each device interface provides a line which indicates 
to the I/O Monitor that the device has detected an 
error. This line does not define the type of error. 
For this reason the I/O Monitor uses this error line 



in two ways. It is always brought to the tenth posi- 
tion of C-Display in all device interfaces. This posi- 
tioning permits the error line to be incorporated into 
the display- set- sync if desired. The same error line 
is brought to the Display-Hold- Control, Any-Error 
switch. When this switch is in the OFF position, the 
any-error signal is ignored. In the Hold position, the 
rise of this error line: 

1. Causes the display-hold latch to be set on. 

2. Once the Hold latch is on, this line prevents the 
display- set lines from coming up. If they are up 
at the time the hold latch is on, they are dropped 
immediately. 

Display Reset Controls 

AUTO RESET: Each device interface provides two 
discrete lines in the I/O Monitor interface which de- 
fine two separate end-op times. For example, a 
serial card reader could provide one line to denote 
completion of each column read. The second line 
could identify the completion of a card read. 

These lines permit the automatic monitoring of 
device operations. For example, for each column or 
card read, data can be latched into the displays. If 
the l/O Monitor B-compare feature or the any-error 
line does not cause the display-hold latch to be set on, 
the displays can be reset by an end-op so that the 
next column or card may be automatically monitored. 

The three-position Auto Reset switch provides the 
means for selecting the desired automatic-reset time 
(End Op I or II) . The overlay provided for each de- 
vice identifies the end-op lines. In the OFF position, 
with the type switch set to Sampled, no automatic re- 
setting occurs. 

In the OFF position, with the type switch set to 
Gated, an automatic reset occurs immediately follow- 
ing the fall of the display- set-gate if B-compare is not 
true. 

The above exception to the automatic reset rule 
is necessary to permit the complete monitoring of 
operations with the gated mode. For example, assume 
that a column read operation is being monitored and 
the device circuitry is designed so that the end-op 
signal rises before the read latch is reset. The I/O 
Monitor would therefore be reset by the end-op sig- 
nal before it had completed its display setting and 
analysis. 

Note: Always turn the Auto Reset switch OFF when using 
the Gated display. This assures proper reset timing. 
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MANUAL RESET BUTTON: This button provides a 
means for resetting all l/O Monitor display latches 
and controls. This is the only means whereby a 
trapped display can be reset. 

Note : Holding this button down does not hold all 
displays off when the monitor is attached to an opera- 
ting device. It holds the display-hold latch off be- 
cause this button applies a DC reset to this latch. A 
momentary reset pulse is applied to all other display 
latches when this button is pressed and the sync- 
interlock latch is on. 

Circuit Description 



SAMPLE INTERLOCK: This latch and its associ- 
ated indicator come on when a display-set-sync 
occurs. Once on, the latch blocks any further 
display-set-sync generation. 

The latch is turned off by either the automatic 
reset or manual reset. 

DISPLAY HOLD: This latch and its associated in- 
dicator are set on whenever display data is trapped 
(see Display Hold Control). 

Once on, this latch blocks all automatic resets 
and prevents any further display- set- sync genera- 
tion. This latch is turned off only by manual reset. 



Signal Lines to Device Adapters 

SWITCHES 1-4: These 4 two-position toggle 
switches are used to send signal levels from the 
l/O Monitor to the device adapter interface. When 
these switches are used by the adapter, the device 
overlay describes their function. 

ON - In this position, the interface line associated 
with the switch is raised to the plus level. 

OFF - In this position the interface line associated 
with the switch is held down. 

Pust) Buttons 

Button 5 - When pressed, this push button applies to 
the associated device interface line . If a device em- 
ploys this button, its function is described on its 
overlay. 

Reset - When pressed, this push button transmits a 
reset pulse over the associated interface line. This 
pulse is ORed with the DC reset circuitry in the de- 
vice adapter. 



Note: Do not operate this switch if customer is 
using the device attached to the I/O Monitor. 
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MULTI-INPUT (Ml) TRIGGER 
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Typical Circuit 



The MI trigger is used in clock, counter, and reg- 
ister circuits and as a standard flip-flop. Direct- 
coupled emitter followers are used for the trigger- 
ing action and inverters are used for the output 
functions. The trigger may be connected for binary 
operation, single -gated ac input, dual -gated ac 
input, or dc set input. Both in-phase and out-of- 
phase outputs are provided. 

AC SET INPUT: External RC packs are used for 
gated input pulse triggering. The set pulse is a 3V 
negative shift (+3V to 0. 3V) with a minimum dura- 
tion of 30 nsec. The gate must be conditioned (at 
0. 3V) for at least 170 nsec before arrival of the set 
pulse. The gate input remains at an operating level, 
due to a capacitor charge, for about 90 nanoseconds 
after the fall of the signal. 

DC SET INPUT: For dc triggering, a down level 
of 0. 3V is applied to the dc set input. The down in- 
put signal must be at least 30 nsec in duration. For 
ac set operation, the dc input must be at up (+3V) 
level. 



Appendix A. Special Circuits 



trigger is on, a narrow positive pulse is generated 
at the OFF output. Likewise, when the trigger is 
off, a gated ac set pulse applied to the OFF input 
causes a positive pulse at the ON output. 

For applications where the "reflected" pulses 
must be suppressed, the circuit is provided with 
internal gating that requires the trigger to be OFF 
before it can be turned on, and vice versa. Circuits 
with this internal gating can be identified in the ALDs 
by the output-to-input connections. 



OPERATIONS MONITOR 

• Provides an adjustable timer which can be 
reset by an XlO-control command. 

• Failure to reset the timer allows the selected 
time interval to expire and drop the monitor 
relay. 
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BINARY OPERATION: The trigger can be adapted 
for binary operation. The binary input pulse is 
applied to the two ac inputs. The ac gates may be 
connected to an external gate or tied to OV. 

It is important to note that should another gated 
ac set pulse be applied to the ON input while the 



The operations monitor, described in Chapter 2, 
contains a special circuit that, through an amplifier, 
holds a relay energized to prevent activation of the 
alarm circuit. The special circuit contains a capa- 
citor that charges through a resistor to +12 volts. 
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The amount of resistance , and therefore the charge 
time , is selected by the Op Monitor rotary switch. 
These selectable resistors are field adjustable for 
the correct time intervals. The adjustment proce- 
dure is contained in the FE maintenance maaual for 
the 1800 system. 

The circuit also contains a silicon controlled 
rectifier (SCR) and a unijunction transistor. The 
SCR is turned on by a minus level at pin D02 and 
provides a discharge path for the capacitor. The 
unijunction transistor controls the amplifier. 



If the capacitor charges to a level sufficient to 
fire the unijunction transistor, the amplifier allows 
the relay to drop. The normally-closed points of 
the relay activate the alarm circuit. 

Once the monitor circuit has timed out, the 
amplifier is latched off and can be reset (on) only 
by turning off the Operations Monitor toggle switch 
which connects to pin B02. Through external cir- 
cuits, this switch also connects to pin D02 to keep 
the SCR conducting and prevent the capacitor 
charge. 
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Appendix B. System Special Features 



PROCESSOR-CONTROLLER FEATURES 

INTERRUPT LEVELS: There are two groups of 
six levels available as special features. The basic 
P-C has 12 levels standard, giving a maximum of 
24. 

DATA CHANNELS: Provides l/O control to allow 
data to enter or exit core storage on a cycle-steal- 
ing basis. A total of twelve can be installed as 
special features. The basic P-C has three standard 
for a total of 15. 

SEVEN TRACK COMPATIBILITY (1802 ONLY): 
Required for writing or reading in seven track mode 
on the 2401 or 2402 Magnetic Tape Units. 

ADDITIONAL CORE STORAGE: Up to 32k words 
may be added in 8k word increments to a 32k word 
system for a total capacity of 65k words. Additional 
modules are housed in the 1803 core storage unit. 
When the 1803 is added, the 25-32K module is 
placed in the 1803, with all additional modules. 



for attachment of sixth, seventh, and eighth 1053 
Printer when the Output Printer Expander feature 
is used. (Note: the basic P-C provides for attach- 
ment of the first tjrpewriter which can be either the 
1816 or 1053. ) Maximum - six per system. 

OUTPUT-PRINTER EXPANDER: Required for 
attachment of the second 1816 or the fifth through 
eighth 1053 Printers. (Maximum - one per system. ) 

MAGNETIC TAPE ADAPTER: Attaches as many as 
two 2401 magnetic tape units to the 1802. Note that 
the seven-track compatibility feature may also be 
required. 

SELECTOR CHANNEL: Provides the capability of 
attaching the IBM 2841 Storage Control Unit and IBM 
2311 Disk Storage Units designed for System/3 6 O's 
to an 1800 System. Other System/360 I/O devices 
are added by RPQ only. 

2790 ADAPTER: Required to attach the 2790 Data 
Communication System. This adapter is housed in 
an 1826 model 2 or 3. 



DATA PROCESSING I/O FEATURES 

1054/1055 ADAPTER: Required for attachment of 
the IBM 1054 Paper Tape Reader and/or the 1055 
Paper Tape Punch. (Maximum - one per system. ) 

1442 ADAPTER: Required for attachment of the 
IBM 1442, Model 6 or 7. (Maximum - two per sys- 
tem; maximum of one if 1054/1055 is attached. ) 
Requires one data channel for each adapter. 

1443/1627 ADAPTER: First prerequisite for attach- 
ment of the IBM 1443 and/or 1627 (one adapter 
accepts both). (Maximum - one per system. ) 

1443 CONTROL: Second (final) prerequisite for 
attachment of the IBM 1443. (Maximum - one per 
system. ) Requires data chaimel. 

1627 CONTROL: Second (final) prerequisite for 
attachment of the IBM 1627. (Maximum - one per 
system. ) 

1053 ADAPTER: Required for attachment of second, 
third, or fourth 1053 Printers. Also a prerequisite 



COMMUNICATIONS ADAPTER: Required for the 
attachment of one or two line adapters and their asso- 
ciated data sets and communication lines. One com- 
munications adapter can control two line adapters, 
although, for overlapped operation, each line adapter 
must have its own data channel. Maximum - four 
commimications adapters (eight line adapters) 
per system. 



PROCESS I/O FEATURES 

ANALOG-DIGITAL CONVERTER — MOD 1: Pro- 
vides analog-to-digital conversion at system rates 
to IIK conversions per second. This model includes 
a buffer amplifier. It accepts bipolar inputs and has 
program selectable resolution of 8, 11, or 14 bits. 
(System maximum - two Mod 1 or Mod 2 ADCs in 
any combination. ) 

ANALOG-DIGITAL CONVERTER — MOD 2: Pro- 
vides analog-to-digital conversion at system rates 
to 24K conversions per second. This model includes 
a s ample -and-hold amplifier. It accepts bipolar 
inputs and has program selectable resolution of 8, 
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11, or 14 bits. (System maximum - two Mod 1 or 
Mod 2 ADCs in any combination. ) 

MULTIPLEXER/R CONTROL: Provides multiplex- 
er control for 256 relay points. Prerequisite for 
Additional Multiplexer/R Control. (Maximum - one 
per ADC. ) 

ADDITIONAL MULTIPLEXER/R CONTROL: Pro- 
vides multiplexer control for additional 256 relay 
points. (Maximum - three per ADC. ) 

MULTIPLEXER/S CONTROL: Provides multiplexer 
control for 256 solid-state points. (Maximum - one 
per ADC. ) 

MULTIPLEXER OVERLAP: Provides for simultan- 
eous selection of solid-state and relay multiplexer 
points. (Maximum - one per ADC. ) 

ANALOG INPUT DATA CHANNEL ADAPTER 1: 
Required for analog input operation on one or two 
Data Channels. (Maximum - one per ADC. ) 



speeds. (Maximum - 64 per system, 
at end of Appendix B. ) 



See note 1 



ANALOG INPUT DATA CHANNEL ADAPTER 2: 
quired for analog input operation on two Data 
Channels. (Maximum - one per ADC. ) 



Re- 



COMPARATOR: Required for automatic range 
checking on converted analog input values. (Maxi- 
mum - one per ADC. ) Requires ADC Mod 1 or 
Mod 2 and AI Data Channel Adapter 1 and 2. 

DIGITAL INPUT ADAPTER: Required for control 
for up to eight Digital Input-Contact, Digital Input - 
Voltage, or Digital Input - Voltage (High Speed) in 
any combination. (System maximum - eight Digital 
Input or Pulse Counter Adapters in any combination.) 



DIGITAL INPUT - CONTACT: Termination and 
sensing for 16 bits of digital information from con- 
tacts. (Maximum - 64 per system. See note 1 
at end of Appendix B. ) 

DIGITAL INPUT - VOLTAGE: Termination and 
sensing for 16 bits of digital information from volt- 
age levels. (Maximum - 64 per system. See note 
1 at end of Appendix B. ) 



DIGITAL INPUT - VOLTAGE (HIGH SPEED): Ter- 
mination and sensing for 16 bits of digital informa- 
tion from voltage levels for reading at high repetitive 



PULSE COUNTER ADAPTER: Required for control 
for up to 128 bits of capacity of Pulse Counter - 
8 bit, or Pulse Counter - 16 bit, in any combination. 
(System maximum - eight Pulse Counter or Digital 
Input Adapters in any combination. ) 

PULSE COUNTER - 8 BIT: Termination and 8-bit 
counter for counting input voltage pulses. (Maximum 
- 128 per system. See note 1 at end of Appendix B.) 

PULSE COUNTER - 16 BIT: Termination and 16- 
bit counter for counting input voltage pulses. (Max- 
imum - 64 per system. See note 1 at end of 
Appendix B. ) 

PROCESS INTERRUPT ADAPTER: Required for 
adaption of Process Interrupts - Contact and Process 
Interrupts - Voltage. This feature provides for 48 
interrupt points. (Maximum - eight per system. ) 

PROCESS INTERRUPT - CONTACT: Termination 
and latching circuits for sensing and interrupting due 
to a change in status of up to 16 customer contacts. 
(System maximum - 24 Process Interrupt - Contact 
or Voltage - in any combination. ) 

PROCESS INTERRUPT - VOLTAGE: Termination 
and latching for sensing and interrupting due to a 
change in level of up to 16 customer voltage inputs. 
(System maximum - 24 Process laterrupt - Contact 
or Voltage - in any combination. ) 

DIGITAL INPUT DATA CHANNEL ADAPTER: 
Required for digital input operation on a Data 
Channel. (Maximum - one per system. ) 

DIGITAL OUTPUT ADAPTER: Required for control 
for up to four Pulse Output, Electronic "Contact" 
Operate, and Register Output in any combination. 
This feature provides for maximum of 64 points. 
(Maximum - four per Digital Output Control. ) 

DIGITAL OUTPUT CONTROL: Required for control 
of Digital Output Adapters that are housed in same 
enclosure as DO Control. (System maximum - eight 
Digital Output or Analog Output Controls in any 
combination. ) 

PULSE OUTPUT: Termination and circuits for mo- 
mentary (3 ms) switching of 16 customer lines carry- 
ing up to 45V dc at 450 mA. (Maximum - 128 per 
system. See note 2 at end of Appendix B.) 
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ELECTRONIC "CONTACT" OPERATE: Termination 
and circuits for switching and latching of 16 custom- 
er lines carrying up to 45V dc at 450 ma. (Maxi- 
mum - 128 per system. See^note 2 at end of 
Appendix B. ) 

REGISTER OUTPUT: Termination and line drivers 
for high-speed transfer of 16-bit data words to 
customer registers. (Maximum - 128 per system. 
See note 2 at end of Appendix B.) 

DIGITAL AND ANALOG OUTPUT DATA CHANNEL 
ADAPTER: Required for digital and analog output 
operation on a Data Channel. (Maximum - one per 
system. ) 

1826 Data Adapter Unit 

This imit provides for expansion of Digital Input, 
Digital Output, Process Interrupt, Pulse Counter 
Points, and Analog Input. There are two models. 
Either Model 1 or Model 2 is required for the 
System/360 Adapter. 

Model 1. This unit contains a 2 x 3 SLT gate 
and is free-standing from the P-C. It is ex- 
ternally cable connected. This unit is required 
for the Analog Input Expander. 

Model 2. This unit is the same as Model 1 but 
is bolted on and internally cabled to the 1826 
Model 1, 1801 or 1802. 

Model 3. This unit contains a 2 x 3 SLT gate and 
is free-standing from the P-C. It is connected 
by external cables. The unit may contain Selec- 
tor Channel, Communications Adapter or the 
2790 Adapter. 

ANALOG INPUT EXPANDER: Required for installa- 
tion of a separated ADC or an additional ADC. Provides 
also for attachment of all other analog input features 
available on the 1801 or 1802. This provides a second 
2x3 SLT gate in the 1826 DAU and the additional power 
supplies. (Maximum - one per system. ) 

SYSTEM/360 ADAPTER: Required for attachment 
of the 1800 system to a channel of the System/360 
model 25, 30, 40, 44, or 50 via a standard interface. 
Each system may regard the other as an I/O device 
capable of requesting service on a random basis. 
(Maximum - one per system. ) 

1828 Enclosure 

This provides an enclosure for mounting up to six 
of the 1851 Multiplexer Terminal and 1856 Analog 
Output Terminal. There are two models: 

Model 1. This unit is free-standing from the 
P-C. It is externally cable connected. 



Model 2. This unit is the same as the Model 1 
but is bolted on and internally cabled to the 1801, 
1802, 1826, or another 1828 Model 1 or 2. 

1851 Multiplexer Terminal 

There are two models of this unit: 

Model 1. Provides non-thermocouple termina- 
tion and multiplexing capacity for a maximum 
of 64 analog input points. 

Model 2. Provides both thermocouple and non- 
thermocouple termination and multiplexing 
capacity for a maximum of 62 analog input points. 

Either Relay or Solid State multiplexing points can 
be installed in an 1851 Multiplexer Terminal but they 
cannot be intermixed within a unit. (Maximum - 19 
1851s per ADC. ) 

MULTIPLEXER/R: Provides for relay multiplexing 
of low-level differential or high-level (-0. 5 to +5. 
volts) analog input signals. (Maximum - 1024 
points per ADC. ) 

MULTIPLEXER/S: Provides for solid-state high- 
speed multiplexing of high-level single -ended inputs. 
(Maximum - 256 points per ADC. ) 

DIFFERENTIAL AMPLIFIER: A time-shared ampli- 
fier to raise low-level signals to the ±5 volt range of 
the ADC and convert from differential to single- 
ended inputs. (Maximum - 16 per ADC. ) 

SIGNAL CONDITIONING ELEMENTS: Provide pas- 
sive signal conditioning of each analog input signal. 
There are seven types of elements: 



Filter Element 
Voltage/R Element 
Voltage/S Element 
Current Element 
Current/HL Element 
Connector Element 
Custom Element 



Current elements are installed on the customer 
side of the 1851 terminals. Other elements are 
installed on Multiplexer/R or Multiplexer/S cards. 
Custom Elements provide a base for customer 
mounting of components. (Required - one per ana- 
log input point. ) 
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1856 Analog Output Terminal 

There are two models of this unit: 

Model 1 . Provides power and housing for 
8 points of analog output, and control for 16 
points of analog output. The model 1 is re- 
peated for each multiple of 16 points required. 

Model 2. Provides power and housing for 
8 points of analog output. One model 2 can be 
installed for each model 1 if the additional 
points are required. 

(System maximum - eight 1856 Model Is and eight 
Model 2s. ) 

Digital-Analog Converter 

There are four models of this feature which are 
installed in the 1856: 

Mod 1. Provides digital to analog conversion 
(10-bit) unipolar for one analog output point. 

Mod 2. Provides 10-bit unipolar conversion 
for two independent analog output points. 

Mod 3. Provides 13 -bit bipolar conversion 
for one analog output point. 

Mod 4. Provides 13-bit bipolar conversion 
for two independent analog output points. 

(Maximum - 128 analog output points per system. 
See NOTE 2 at end of Appendix B. ) 

BUFFER REGISTER - SINGLE 13 BIT: Provides 
buffered input to a DAC Mod 3 for simultaneous 
control of more than one analog output point. (Max- 
imum - one per DAC Mod 3. ) 

BUFFER REGISTER - DOUBLE 13 BIT: Provides 
independent buffered input to both converters of the 
DAC Mod 4 for simultaneous control of more than 
one output point. (Maximum - one per DAC Mod 4. ) 



ANALOG DRIVER AMPLIFIER: Provides a 10-volt 
output with low impedance for one analog output 
point to drive a wide variety of loads, (maximum- 
one per DAC Mod 1 or 3, two per DAC Mod 2 or 4. ) 

Precision Voltage Reference (PVR) 

This feature provides precision reference voltage 
for use with the DAC. One feature serves 8 points 
of analog output. The PVR is installed in the 1856 
which will accept one PVR feature. 

Mod 1. Provides a unipolar voltage reference 
for DAC^s converting 10 bit input. 

Mod 2. Provides a bipolar voltage reference 
for DAC^s converting 10 or 13 bit input. 

(Maximum - 16 per system. ) 

Note 1: A maximum of 64 of the following 
features in combination can be installed: 

Digital Input - Contact 

Digital Input - Voltage 

Digital Input - Voltage (High Speed) 

Pulse Counter - 8 Bit (Two coimt for one of 

the 64 maximum) 
Pulse Counter - 16 Bit 

If any one feature is installed to its maximum, 
none of the others can be installed. 

Note 2: The following feature or feature 
groups cannot singly, or in combination, 
exceed 128: 

Electronic Contact Operate 

Pulse Output 

Register Output (High Speed) 

DAC 

Mods 1 and 3 count for 1 of the 

128 max. 

Mods 2 and 4 count for 2 of the 

128 max. 
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Auxiliary Storage 

Addressing 2-11 
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Write Into 2-10 

4iLtsec Clock 2-20 
CPU 1-1 

Customer Termination 1-4 
Cycle Indicators 6-10 
Cycle Steal 

Acknowledge 2-33 

Acknowledge A-Q Lines 2-40 

Channel Control 2-23 

Control 2-34 

Control 0,1, and 2 Lines 2-40 

Cycle 3-45 

General 1-18,2-31 

Mixer Board 2-38 

Operation 3-41 

Request 2-34,2-38 

Request A-Q Lines 2-40 

Service Indicator 6-9 
Cycle Timer 2-3 



(CA) Communications Adapter (Sel) Selector Channel (S/360) System/360 Adapter 



X-2 (2/70) 



D-Register Indicators 6-12 
Data 
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Flow 1-2,1-11 
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Scan Control 3-36 
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Byte Counter 4-13 
Diagnostic 4-14 
Operating 4-12 



E-Cycle 2-4,3-4 

El Time 2-4,3-4 

E2 Time 2-4 , 3-4 

E3 Time 2-4 

Effective Addre ss 3-1,1- 14 

Eight-K Storage 

Addressing 2-10 

Array 2-12 
Emergency Switch 6-6 
ENQ (Enquiry) 4-9 
EOT (End of Transmission) 4-9 
ETB (End of Transmission Block) 4-9 
ETX (End of Text) 4-9 
Exclusive OR, Logical 3-19 
Execute I/O (XIO) 3-31 
Execution 

Cycles 1-14 

Time 3-3 
External Interrupts 

Masking 3-47 

Polling 3-47 

Programmed 3-47 



F (Format) 6-11 

Factor Register, Arithmetic 1-14,2-4 

Failure Protection Circuit, Power 5-2 

Features 

Console and Maintenance 6-1 

Data Processing I/O 1-20,4-1 

Maintenance 6-16 

Process Input /Output 1-20 , B-2 

Processor-Controller 4-1 , B- 1 

Standard 1-14 

Special B-1 
First Cycle, Interval Timer 2-37 
Flag (Sel) 4-19 

Force Auxiliary On /Off Switch 6-15 
Forced BSI 1-17 
Format 

Data 1-10 

Indicator 6-11 

Instruction 1-10 

Register 1-11,1-13 
Fortran for 1800 1-21 
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Array 2-13 
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Clock 2-20 

Drive Current Generation 2-17 
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Timing 2-20 
Function Codes, lOCC 3-32 
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Function Tests, Program 6-14 
Function Register , Channel 2-25 
Functional Units 2-1 



Gated Display 6-18 



Hardware Checks 6-13 

Halt I/O 

Selector Channel 4-18 
Systeni/360 Adapter 4-4 



I- Register Indicators 6-12 
lA (Indirect Address) 2-4 
lA Indicator 6-11 

11 Time 2-3,3-1 

12 Time 2-4,3-2 
Immediate Stop Switch 6-5 
In Bus Bits 0-15 Lines 2-40 
Index Regi ste r s 1-17,2-8 
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Indirect Address 1-11, 1-17,3-2 
Inhibit Driver 2-19 
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Four-jLisec Storage 2-19 

Two-jLtsec Storage 2-19 

Winding 2-10 
Initial Program Load 1-19,6-3 
Initialize (CA) 
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lOCC 4-9 

Modifiers 4-10 
Initialize Read 

Description 3-36 

Function Code 3-32 

Selector Channel (see Start I/O) 

System/360 4-5 
Initialize Write 

Description 3-36 

Fxmction Code 3-32 

Selector Channel (see Start I/O) 

System/360 4-5 
Input /Output Control Command 3-32 
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Cycle 3-1 

Format 1-10 

Format Symbology 3-7 

Register 1-11,2-6 

Set 1-11,3-6 

Single Word 1-10 

Time 3-1 

Two-Word 1-10 
Instruction Cycle 1-14 
Instruction Cycle (II) 3-1 
Instruction Cycle (12) 3-2 
Interface (see Channel) 
Interface Connectors, I/O Monitor 6-15 
Internal Check, Interrupt 3-51 



Internal I/O Operations 

Control 3-43 

Read 3-40 

Sense Device 3-42 

Sense Interrupt 3-41 
Interrupt 

BSI Instruction 2-31 

CE 2-34,3-47 

Circuits 2-26 

Controls 2-30 

Disable Switch 6-12 

External 3-47 

Function 1-17 

Internal (Check) 3-46 

Introduction 1-17 

Levels 2-29,3-46 
CE 3-47 
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Indicators 6-11 
Internal (Check) 3-46 
Trace 3-47 

Masking 2-29,3-47 

Operation 3-45 

Poll 2-28,3-47 
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Programmed 3-47 
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Request 2-30 

Service Indicator 6-9 

Servicing 3-50 

Status Words 
DSW 3-48 
ILSW 3-49 
PISW 3-48 

Trace 3-47 
Interrupt Servicing 

Device Indicator Identification 3-53 
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Programming Details 3-51 

Programming Notes 3-53 
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Interrupt to Auxiliary /Main Storage 6-15 
Interval Timer 

Clock 2-36 

Description 1-19 
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Mask 2-37 

Operation 2-36 
Introduction, System 1-1 
IPL Interface Line 2-40 
IPLMode 1-19,6-3 

ITB (Intermediate Transmission Block) 4-8 
I/O 

Cable Routing 2-38 

Channel Control 2-23 

Channel Interface Lines 2-40 

Monitor Interface Panel 6-14 

Monitor Unit 1-20 , 6- 16 

Operation 2-23 
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I/O Control Command (see Input /Output Control Command) 
I/O Monitor Interface Panel 

CE Level Interrupt Pushbutton 6-15 

CE Sense Switch 6-15 

DC CB Trip Indicator 6-15 

Force Auxiliary On/Off Switch 6-15 

Interface Connectors 6-15 

Interrupt to Aux/Main Storage Switch 6-15 

Use Meter Switch 6-16 
I/O Monitor Unit 

Any Error 6-21 

Appl ic ation s 6- 17 

B-Compare Exit Hub 6-21 

Circuit Description 6-22 

Display Hold and Reset Modes 6-18 

Display Hold Control Switches 6-20 

Display Reset Controls 6-21 

Display Set Control Switches 6-20 

Display Setup Modes 6-18 

Functional Description 6-19 

Operating Philosophy 6-18 

Processor Stopping 6-19 

Pushbuttons 6-22 

Scope Sync Generation 6-18 

Signal Lines to Adapter 6-22 



Keyboard Operation , Example 1-17 



Lamp Test 6-4 

Language, Machine 1-10 

Latches and Indicators 6-22 

Level 

Cycle Steal 2-33 
Interrupt 2-29 

Line Adapter (CA) 4-8 

Line Selection (CA) 4-10 

Load 

Accumulator Instruction 3-8 

And Store Operations 3-7 

Double Instruction 3-8 

I (Register) Pushbutton 6-5 

Index Instruction 3-10 

Mode 6-7 

Status Instruction 3-12 

Load and Store Operations 3-7 

Load I Pushbutton 6-5 

Logical AND 3-18 

Logical Exclusive OR 3-19 

Logical OR 3-19 



Machine Language 1-10 
Magnetic Core Theory 2-9 
Maintenance Features 6-13 
Marginal Checking 5-4 
Mask 

hiterrupt 2-29,2-47 
Interval Timer 2-37 



Mixer Board, Cycle-Steal 2-38 

Mode Switch 6-6 

Mode of Operation (Sel) 4-18 

Modifier 

lOCC 3-33 

Register 1-14 
Modify Index and Skip (MDX) 3-28 
Module Selection 2-11 
Monitor (see I/O or Operations Monitor) 
MPS Power Supplies 5-4 
MPX 1-19 

Multi-Input Trigger A-1 
Multiprogramming Excutive Operating System 
Multiply Instruction 3-16 



NAK (Negative Acknowledge) 4-9 
Negative Numbers 1-10 
No-Operation 4-4 
Numbers, Positive 1-10 



Off Switch 6-3 
On Switch 6-3 
OP Code 

Check Indicator 6-9 

Indicators 6-11 

Registers 1-10 ^ 
Operating Sequence (CA) 4-15 
Operations Monitor 

Description 2-38 

Function 1-19 

Indicator (Alarm) 6-5 

Switch 6-12 

Timing Circuit A-1 
OR, Logical 3-19 
Out Bus Bit 0-15 Lines 2-40 
Overflow 

Flip-Flop 3-6 

Indicator 6-12 

Load Status 3-12 

Store Status 3-11 



Pad Character 4-9 
Parity 

Bit Indicator 6-9 

Bits 0-7 and 8-15 2-40 

Checking 1-14 

Check, Indicator 6-10 

Error Line 2-41 
Physical Description 

Processor-Controller 1-4 

System 1-2 

1803 Core Storage Unit 1-5 

1810 Disk Storage 1-7 

1826 Data Adapter Unit 1-5 

1828 Enclosure 1-6 

1851 Multiplexer Terminal 1-6 

1856 Analog Output Terminal 1- 



1-19 
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PISW Bit Positions 3-48 
Polling, Interrupt 2-26,2-28 
Positive Numbers 1-10 
Power Off, P-C 
Sequencing 5-1 
Switch 6-3 
Power On 

Indicator 6-4 
Sequencing 
P-C 5-1 

1803 Core Storage Unit 5-3 
1810 Disk Storage Unit 5-3 
1826 Data Adapter Unit 5-2 
1828 Enclosure 5-3 
Switch, P-C 6-3 
Power Sequencing 
1053 5-3 
1054/1055 5-3 

1442 5-4 

1443 5-4 
1627 5-4 
1801/1802 5-1 
1803 5-3 
1810 5-3 
1816 5-3 
1826 5-2 
1828 5-3 
2401/2402 5-4 

Power Supply- 
Cooling 5-5 

Description 5-1 

Failure Protection 5-2 

MPS's 5-4 

Sequencing 5-1 
Preface ii 

Principles of Operation 
Process Input/Output 1- 
Processor-Controller 

Description 1-1,1-4,1-8 

Features 4-1, B-1 

Stopping 6-19 
Program, Sense and. Switch 6-12 
Program Control Interrupt (Sel) 4-21 
Program Load 

Paper Tape System 6-3 

Card Reader /Punch System 6-3 

Switch 6-2 
Programmed Interrupts 3-47 , (Sel) 4-21 
Programmers' Console 6-1 
Programming Compatibility (Sel) 4-18 
Programming Systems Summary 1-21 
Pull Switch and Rotary Switches 6-7 
Pushbuttons 6-22 

Read 

Area Zero 3-45 
Description 3-33 
lOCC Function Code 3-32 
Or Read Backward 4-3 
Selector Channel 4-21 



3-1 
-1,1-20,B-1 



Read Backward 4-3 
Reading Out of Core 2-10 
Read/Write Function 3-33 
Ready Indicator 6-3 
Register 

Accumulator (A) 2-5 

Accumulator Extension (Q) 1-14,2-6 

Adder (Accumulator and Factor Registers) 

Arithmetic Factor (D) 1-14,2-4 

Channel Address 1-18 , 2-35 

Format 1-11,1-13 

Index (XR) 2-8,1-17 

Instruction (I) 1-14 

Instruction Address 2-6 

hiterrupt 2-26,2-29 

Modifier 1-14 

Shift Counter (SC) 2-8 , 1-13 

Storage Address (M) 1-11,2-7 

Storage Buffer (B) 1- 12 , 2-4 

Tag 1-11,1-14 

Temporary Accumulator (U) 1-14,2-6 

Index 1-14,2-8 

OP Code 1-11 
Reset 

Channel Interface Line 2-41 

I/O Monitor Display Switch 6-22 

Switch, P-C Controls 6-5 
Remote Terminals (CA) 4-8 
Rotate Right A + Q 3-24 
Run Mode 6-6 
Run Light 6-5 



Sampled Display 6-20 
Scan Control 2-32 , 3-36 
Scope Routines, One- Card 6-14 
Scope Sync Generation 6-18 
Selector Channel 
Byte Count 4-19 
Chain Command 4-20 
Chain Data 4-19 
Channel Command Word 4-19 
Commands 

Control 4-22 
Halt I/O 4-18 
Read 4-21 
Sense 4-22 
Start I/O 4-19 
Test I/O 4-21 

Transfer-In-Channel (TIC) 4-22 
Write 4-22 
Command Code 4-21 
Data Address 4-21 
Flags 4-19 
Halt I/O 4-18 
Mode of Operation 4-18 
Program Control Interruption (PCI) 4-21 
Programming 4-18 
Programming Compatibility 4-18 
Sense Device 4-18 



2-5 
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Selector Channel (Cont) 

Skip 4-21 

Start I/O 4-19 

Suppress Length Indication (SLI) 4-20 

Test I/O 4-21 
Sense 

Amplifier 2-19 

And Program Switches 6-12 

Device 

Communications Adapter 4-11 
Selector Channel 4-18 
System/360 Adapter. 4-5 

Device, Area Zero 3-47 

Device Function 3-35 

Device, Modified (S/360) 4-5 

Device, Unmodified (S/360) 4-5 

Interrupt (S/360) 4-5 , 3-35 , (CA) 4-11 

Interrupt, Area Zero 3-46 

Interrupt Function 3-40 

Selector Channel 4-22 

System/360 4-2 
Sense /inhibit 

Details 2-10 

General 1-12 
Sequencing, Power Supply (S/360) 4-1 
Shift Control Indicator 6-8 
Shift Counter 

Description 1-13 

Operation 2-8 
Shift Left and Count A 3-26 
Shift Left and Count A + Q 3-22 
Shift Left Logical A 3-25 
Shift Left Logical A + Q 3-21 
Shift Operations 3-20 
Shift Right A + Q 3-28 
Shift Right Logical A 3-23 
Signal Cable Termination 2-39 
Signal Lines to Device Adapters 6-22 
Single Instruction Mode 6-7 
Single Instruction with Cycle Steal Mode 6-7 
Single Precision 1-10 
Single Step Mode 6-7 
Single Storage Cycle Mode 6-7 
Single Word Instruction 1-10 
Skip (Selector Channel) 4-21 
SLT Board Locations 1-7 
SOH (Start of Heading) 4-8 
Special Circuits A-1 
Standard Features 1-14 
Start I/O 

Selector Channel 4-19 

System/360 Adapter 4-2 
Start Switch 6-6 
Status, Load 3-12 
Status Words 3-52 
Stop Switch 6-6 
Stop, Immediate Switch 6-5 
Storage (see Core Storage) 
Storage Address Register 

Description 1-11 

Operation 2-7 



Storage Buffer Register 

Description 1-11 

Operation 2-4 
Storage Protect 

Bit Indicator 6-9 

Check Indication 6-10 

Clear Storage Functions 6-1 

Function 1-15 

Set or Clear Bit 3-12 

Violation During XIO Line 2-41 

Write Bits Switch 6-13 
Store 

Accumulator 3-9 

Double 3-9 

Index 3-11 

Status 3-11 
Stored Program Concept 1-9 
STX (Start of Text) 4-8 
Subroutine Library 1-21 
Subtract Instruction 3-14 
Suppress Length Indication 4-20 
Switches and Lights 

Also see Name of Switch or Light 

Bottom Row 6-5 

Top Row 6-1 
SYN (Synchronous Idle) 4-8 
System 

Configurations 1-1 

Data Flow 1-1 

Data Flow (CA) 4-8 

I/O Interface 1-3 

Special Features B-1 
System/360 Adapter 

Description 4-1 

System/360 Commands 
Halt I/O 4-4 
Start I/O 4-2 
Test I/O 4-4 

1800 System Commands 
Control 4-5 
Initialize Read 4-5 
Initialize Write 4-5 
Sense DSW 4-5 
Sense Interrupt 4-5 
Sense Word Count 4-5 



Tag Indicator 6-11 

Tag Register 1-11, 1-13 

Temporary Accumulator Register 1-14 , 2-6 

Termination, Customer 1-4 

Termination, Signal Cable 2-39 

Test, Lamp Switch 6-4 

Test I/O 

Selector Channel 4-21 

System/360 Adapter 4-4 
Time Pulse A, B, and C 

Description 2-24 

Interface Lines 2-41 
Time-Sharing Executive Program 1-21 
Timer, Interval 2-36,1-19 
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Timer Indicators 6-10 
Timeout Controls (CA) 4-16 
Timeout Interrupt (CA) 4-17 
Timing 

Channel 2-27 

Four-/Lisec Storage 2-20 

Tests (Programming) 4-14 

Two-jLisec Storage 2-20 
Toggle Switches 6-12 
Trace Interrupt Mode 3-51,6-7 
Transfer-In-Channel (TIC) (Sel) 4-22 
Transmission Codes (CA) 4-8 
Transmit Timeout (CA) 4-16 
Transparent Mode Control (CA) 4-16 
Two-Word Instruction 1-10 
Two-jLAsec Storage 

Drive Current Generation 2-18 

Inhibit/Sense 2-19 

Timing 2-20 
Two's Complement 1-10 



Write 

Function Code 3-32 

Operation 3-33 
Write Command (Sel) 4-22 
Write Storage Protect Bits Switch 
Writing Into Core 2-10 

X Clock 2-36 

X Drive Line 2-10 , 1-12 

XIO 

Control Cycle Line 2-41 
Data Cycle Line 2-41 
Instruction 

Channel Control 2-23 
Interrupt Operation 3-45 

Y Drive Line 1-12 , 2-10 



Zero Remainder Indicator 6-8 



6-13 



Use Meter 

Gate Line 2-40 

Switch 6-16 
Utility Programs (CA) 



3-29 



4-14,1-21 



Wait Instruction 

Wait Light 6-4 

Windings, Core Storage 2-13,2-15 

Word Coimt 2-32 



1800 with System/360 Adapter 

Device Status Word (S/360) 4-6 

System Commands (S/360) 4-5 
1803 Core Storage Unit Physical Description 1-5 
1810 Disk Storage Physical Description 1-7 
1826 Data Adapter Unit Physical Description 1-5 
1828 Enclosure Physical Description 1-6 
1851 Multiplexer Terminal Physical Description 1-6 
1856 Analog Output Terminal Physical Description 1-6 
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